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SECTION 1

Introduction

This report, presents the findings of the Preliminary Munitions and Explosives of Concern
(MEC) investigation of the Red and Blue Beach areas located at the Vieques Naval Training
Range in eastern Vieques, Puerto Rico. This preliminary MEC investigation is conducted in
association with the ongoing property transfer of the Vieques Naval Training Range (VNTR)
from the U.S. Navy to the Department of the Interior (DOI). The purpose of the
investigation is to confirm the archive records search findings that live fire has not been
used historically at Red and Blue Beaches by conducting an evaluation on whether or not
MEC is currently present at the beach areas. 

An Archive Records Search (ARS) was completed in conjunction with the Draft VNTR
Preliminary Range Assessment (PRA) report (CH2M HILL, April 2003) and has shown that
both Red and Blue Beaches were formerly utilized for military training activities.
Information from the ARS also indicated that only blank ammunition was used on these
beaches during training exercises (Tippetts, et al., 1979). Although records indicate that no
live fire was used in these areas, a preliminary MEC investigation was completed as a
precautionary measure to ensure that the Red and Blue Beach areas can be accessed by the
public. Prior to 2000 the public had access to the beach for recreational use.

1.1 Background
Red and Blue Beaches are located within the Eastern Maneuver Area (EMA) of the VNTR.
The EMA, encompassing 11,070 acres of the VNTR, was established in 1947 and provided
maneuvering areas and ranges for the training of Marine amphibious units and battalion
landing teams in exercises that included amphibious landings, small arms fire, artillery and
tank fire, shore fire control, and combat engineering tasks. The heaviest training events
occurred from the mid-1950s until the early 1960s (Tippetts, et al, 1979).

Marine forces simulated amphibious assault operations over suitable beachheads that
included Blue, Green, Purple, Red, and Yellow beaches. These simulated assaults involved
pre-assault operations, ship-to-shore movement, assault, consolidation, and withdrawal.
Battalion teams would spend on average of three weeks operating in the EMA, and the
exercise would involve two to four amphibious landings on Red, Blue, and Purple Beaches
that could last 3 to 5 days. While amphibious assaults were conducted with blank
ammunition, Marine forces would conduct live firing on ranges in the EMA, located
approximately three miles north of the two beach areas. The live fire exercises would
typically last for 8 to 11 days with weapons including pistols, rifles, machine guns,
grenades, tanks, artillery, recoilless rifles, and mortars. Naval surface fire support (NSFS)
and close air support was executed in conjunction with these exercises at the VNTR
including the surface impact area (SIA) and the live impact area (LIA). The EMA
accommodated an entire Marine amphibious unit (1,200 to 1,500 marines) or a battalion
landing team (1,200 to 1,500 marines) (Department of The Navy, 1979).
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Red and Blue Beaches were open to the public for a several years until access was restricted
in 1999. The open beach areas and beach access trails were investigated to confirm records
that indicate no live fire was used here and to confirm that no MEC is present at the beaches
from historical Marine training activities. This information will be evaluated to consider
whether these two beach areas can be re-opened to the public.

On May 1, 2003, the U.S. Navy’s training exercises on the eastern end of Vieques are
scheduled to cease as naval and other operations at the facility end. Public Law 107-117,
Title X, Sec. 1049, provides the Secretary of the Navy authority to close the VNTR. On
January 10, 2003, the Secretary of the Navy certified to the President and Congress that an
alternative training facility or facilities that provide equivalent or superior training exist and
are available, thereby confirming that the Navy will cease operations at the VNTR. 

Following termination of training operations on Vieques, the VNTR will be transferred to
the jurisdiction of the Secretary of the Interior. Interior would administer the LIA, a 900-acre
area for targeting by live ordnance in training by the Navy and Marine Corps, as a
“Wilderness Area” with no public access. The remaining 13,514 acres of the VNTR would be
administered by the Interior as a Wildlife Refuge.

A comprehensive summary of the history and background of military operations on the
VNTR is currently being developed in the PRA report for the Facility. The PRA provides
range utilization records, quantities of ordnance and dates of use, and descriptions of the
facilities including Red and Blue Beaches, the EMA, the LIA, and the SIA. The PRA report
also includes a detailed ARS for the entire VNTR that supports information presented in this
report.

1.2 Purpose and Scope
The specific objectives of the Preliminary MEC Site Investigation for Red and Blue Beaches
were to: 

1. Perform a visual inspection and 100 percent geophysical survey of open beach areas and
trails leading to the beaches to confirm that no live fire was used at these locations as
historical records indicate and to evaluate whether the accessible areas of these two
beaches are currently contaminated with MEC

2. Propose further action upon reviewing the data gathered from the field, if warranted

This report presents the findings from the field investigation completed during December
2002, as well as any previous investigations conducted at the Red and Blue Beaches. In
addition, recommendations are provided based upon the findings of the preliminary MEC
site investigation

The MEC investigation was conducted along the open beach areas and associated beach
access roads that encompass approximately 20 acres (10 acres at Red Beach and 10 acres at
Blue Beach) as described in the Final Preliminary OE/MEC Investigation Work Plan for Red
Beach and Blue Beach (CH2M HILL, November 2002. The MEC survey consisted of a visual
sweep of the area, and a surface clearance of any identified metal scrap and MEC, followed
by a geophysical survey of the area, and an intrusive investigation of anomalies identified
by the geophysical survey. 
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The site-specific Preliminary OE/MEC Work Plan developed for this project provided the
framework and basic guidance for the performance of the MEC site investigations in an
effort to identify actions needed to allow for the safe and effective use of the site. The
planned land use for the Red and Blue Beaches is as a wildlife refuge to be managed by the
DOI as discussed in Section 1.2. The required UXO clearance depth for land designated as a
wildlife refuge is 1 foot (ft) below land surface (bls). This MEC investigation was executed in
accordance with OPNAVINST 8020.14, Department of the Navy Explosives Safety Policy,
NAVSEA OP 5 Volume 1, Ammunition and Explosives Ashore, U.S. Army Engineering and
Support Center, Huntsville IGD 00-003, Basic Safety Concepts and Considerations for
Ordnance and Explosive Operations.

1.3 Project Team
The field team was comprised of LANTDIV and subcontractors including CH2M HILL,
NAEVA (geophysical services), and USA Environmental, Inc. (UXO services). Figure 1-1
presents the project field communication plan for the Preliminary Red and Blue Beach MEC
investigation, including representatives from the Naval Ordnance Safety and Security
Activity (NOSSA), U.S. Naval Station Roosevelt Roads (NSRR), and the Navy Explosive
Ordnance Disposal (EOD) mobile units from the AFWTF command at NSRR. 

Site photographs are included in Appendix A. Appendix B contains the after-action report
prepared by the MEC subcontractor, USA Environmental, Inc. Appendix C contains the
report prepared by the geophysical subcontractor, NAEVA Geophysics. Appendix D
contains the Addendum to Report for Red and Blue Beach Investigation, along with
Attachments A, B, C, D and E.
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SECTION 2

Site Description and History

2.1 Location
Vieques Island has a land area of approximately 33,000 acres, and is located in the
Caribbean Sea approximately 7 miles southeast of the eastern coast of the island of Puerto
Rico (Figure 2-1). The Vieques Naval Training Range is located on the eastern one-third of
the island. For the purposes of this Draft MEC Investigation Report, the Training Range
includes the Surface Impact Area (SIA), the LIA, and the Eastern Conservation Area
(collectively comprised of 3,600 acres) and the adjacent and wholly contiguous EMA,
comprised of 11,000 acres. These areas are under the command of NSRR. Figure 2-2 shows
the locations of Red Beach and Blue Beach, both of which are located within the EMA on the
southern coast of Vieques Island.

2.2 Physical Description
Red Beach is located on the southern coast of the EMA at Bahia Corcho. The beach center is
located at latitude 18-06’ 24”N and longitude 65-24’56”W. This beach is approximately 250 ft
long and varies from 3 to 25 ft wide. Red Beach has fine white sand with good adjacent
access roads. Red Beach is separated into two distinct beach areas, Red Beach East and Red
Beach West, by a rocky point. As shown in Figure 2-3, the total area of Red Beach is
approximately 8.72 acres. This includes 3.80 acres on Red Beach West and 4.92 acres on Red
Beach East.

Blue Beach is located on the southern coast of the EMA at Bahia de la Chiva just north and
west of Punta Conejo. The center of the beach is located at latitude 18-06’44”N and
longitude 65-23’ 07”W. The open beach area and numerous access roads that lead to the
beach comprise a beachhead less than 100 feet wide for most of its length. The open beach
area at Blue Beach extends approximately 1 mile west from a point 1,200 feet north of Punta
Conejo. This beach is the primary range amphibious landing beach (ALB). Blue Beach can
also be separated into two distinct beach areas, Blue Beach East and Blue Beach West. As
shown in Figure 2-4, the total area of Blue Beach is approximately 9.10 acres; this includes
8.24 acres on Blue Beach West and 0.86 acres on Blue Beach East.

2.2.1 Structures, Roads, and Other Site Improvements
The two beach sites are accessed by a series of unfinished dirt roads that run south from the
Camp Garcia area. A series of seven tiki huts runs along the northern extent of the shoreline
of Blue Beach, and seven tiki huts are located in the Red Beach East area. In addition, the
Navy has constructed two structures and a pier on the eastern side of Red Beach.
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Figure 2-2
Red Beach and Blue Beach
Geophysical Survey Areas

Vieques Island, Puerto Rico

Source: NAEVA Geophysics Inc.
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2.2.2 Land Use
In general, the Vieques Naval Training Range (14,600 acres) is largely uninhabited. The
Navy land use, primarily for military training and those support services associated with
the training, comprises only a fraction of these land areas. Future land use is expected to
change with the Navy's planned termination of operations in May 2003. Current legislation
calls for the EMA to be turned over to the DOI at that time, after which it is expected to be
operated as a wildlife refuge.

2.2.3 Climate
The climate of Vieques is characterized as warm and humid (tropical-marine), with frequent
showers occurring throughout the year. The temperature on Vieques is moderated by the
easterly trade winds blowing across the island year-round, resulting in a mean annual
temperature of 79°F to 80°F and a daily variation of 15°F to 25°F. The average rainfall is
approximately 36 inches, with extremes of 25 inches in the east and 45 to 50 inches in the
west (A.T. Kearney, Inc., October 1988).

2.2.4 Topography 
The topography of Vieques consists generally of hills and valleys throughout the entire
island. The western side of the island consists of gently rolling hills with a deeper soil
profile than the eastern side, which is more exposed rugged terrain. The highest point on the
western side is approximately 1,000 ft above mean sea level (msl) at Monte Pirata. The
highest point on the eastern side is approximately 420 ft above msl at Cerro Matias. The
coastal areas contain level terrain primarily made up of lagoons and mangrove swamps. 

The site topography of the two study area beaches is relatively flat with gentle slopes
southward toward the sea. The mapped bedrock geology at the sites is primarily comprised
of limestones. Beach and dune deposits made up of calcite, quartz, and volcanic rocks, and
fragment sand dominate surface morphology at the site. Bedrock outcrops occur at the
northern end of the beaches and mark the limits of investigation in those areas. Vegetative
ground cover consists mainly of grass and low brush with occasional taller brush and small
trees.

2.3 History
Within the LIA and SIA areas of the Vieques Naval Training Range, naval gunfire support
(NGFS) and air-to-ground (ATG) ordnance delivery training was conducted for Atlantic
Fleet ships, NATO ships, air wings, and smaller air units from other allied nations and the
Puerto Rican National Guard. Within the EMA, the Fleet Marine Force, Atlantic, has
conducted training for Marine amphibious units, battalion landing teams, and combat
engineering units. Marine forces implemented simulated amphibious assault operations
over suitable beach heads that included Blue, Green, Purple, Red, and Yellow beaches.
These simulated assaults involved pre-assault operations, ship-to-shore movement, assault,
consolidation, and withdrawal. Battalion teams would spend an average of three weeks
operating in the EMA, and would undertake two to four amphibious landings on Red, Blue,
and Purple Beaches. These landings could last 3 to 5 days. Although amphibious assaults
were executed only with blank ammunition, Marine forces would conduct live firing for 8 to
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11 days in the EMA (not on the beaches), with all weapons including pistols, rifles, machine
guns, grenades, tanks, artillery, recoilless rifles and mortars (Tippets, et al., 1979).

Only inert ordnance was used for training exercises on Red Beach and Blue Beach. Exercises
included ATG and close air support (CAS) sorties, naval surface fire support (NSFS)
training, an amphibious landing Supporting Arms Coordination Exercise (SACEX), and
multiple unit level training exercises similar to Combat Search and Rescue (CSAR) training. 

Amphibious landings were conducted in five phases: pre-assault operations, ship-to-shore
movement, assault, consolidation, and withdrawal. Landing Craft Utility, Landing Craft
Mechanized, Landing Craft Air Cushion, Logistic Support Vessel, Amphibious Assault
Vehicle, and other support craft would be used to transfer limited numbers of vehicles,
cargo, and personnel from ships to shore. 

Approximately 2,000 personnel typically participated in an amphibious landing, with
approximately 850 personnel going ashore daily. Once on shore, personnel and associated
support vehicles would travel inland over designated roads, conduct maneuvers, train on
existing ranges, and bivouac for approximately 1 week. The beach assaults typically began
before dawn and would last 3 to 4 hours. The entire amphibious landing was typically
completed in 8 to 12 hours. Approximately 35 percent of the ordnance was fired at night.

The Marine Corps designated four landing beaches (Red, Blue, Purple, and Yellow) for
amphibious assault training. The landings were normally conducted on Red Beach or Blue
Beach and forces would move inland along existing beach access roads to the designated
training areas and gun positions. Mobility matting (MOMAT) was used on the beach, if
necessary, to prevent heavy vehicles from getting stuck in the sand. MOMAT is a synthetic
spongy plastic material placed on the beach and recovered upon completion of operations.
Subsequent equipment/troop transport would involve approximately four craft in any
given 4-hour period. A minimum number of personnel (20 to 30) associated with the
Beachmaster Camp would be encamped for 5 to 6 days until forces completed withdrawal
operations. Clearing of existing vegetation and was not required for landing exercises.
Permanent lighting was not required but vehicle lighting and flashlights were used during
recovery operations (U.S. Department of Commerce, NOAA. Ser N46E/0585: Section 7
Consultation on U.S. Navy Training Exercises at the Atlantic Fleet Weapons Training Facility
[AFWTF], Inner Range, Vieques, Puerto Rico: Combined Composite Unit Training [COMPTUEX]
– Multiple Unit Level Training [Multi-ULT], September-October 2001. Approval letter to Acting
Commander, Navy Region Southeast. September 14, 2001).

2.4 Demographic Profile
Land access to the Red and Blue Beaches has been restricted to Navy personnel only since
1999. Prior to 1999, civilians were allowed beach access on a limited basis.

2.5 Current and Future Site Use
Currently, the Red Beach and Blue Beach area is part of the EMA, owned by the Navy. 

The planned future land use for the Red and Blue Beaches is as a wildlife refuge to be
managed by the DOI. The planned land transfer date is May 1, 2003.
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2.6 Analysis of Historical Records 
A PRA Report with an integrated ARS Report is concurrently being prepared. This data has
been reviewed for any applicable references to Red Beach and Blue Beach.

2.7 Previous Investigations
No previous environmental or MEC investigations have been conducted in the EMA
(including the Red and Blue Beaches).

2.8 Previous Removal Actions
No previous removal actions have been conducted in the Red and Blue Beach Areas.
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SECTION 3

Site Characterization

3.1 Site Investigations
3.1.1 Site Description
Red Beach and Blue Beach both consist of open beach, dirt and sand access roads, with little
or no vegetative cover. The geology consists primarily of beach and dune deposits made up
of calcite, quartz and volcanic rocks, and fragment sand with local magnetite. Appendix A
contains photographs of the field investigation. The actual beach and road area surveyed
was 6 acres at Red Beach and 5.7 acres at Blue Beach. This is somewhat less than the area
shown in Figure 2-3, because of differences in the actual beach area present during the
survey in December 2002, versus the area digitally mapped on the 1998 aerial photograph.
Beach areas have been reduced because of erosion processes.

3.1.2 Site Investigation Objectives
The objective of this study was to perform a visual inspection and geophysical survey to
assess whether Red Beach and Blue Beach parcels were contaminated with ordnance. The
survey was accomplished with several geophysical instruments, with the corresponding
land survey information being recorded by Global Positioning System (GPS). 

The final site investigation objective was the reacquisition of anomalies identified by the
geophysical survey and the subsequent intrusive investigation of each anomaly to identify,
catalog, and properly dispose of all encountered material. 

3.1.3 Geophysical Survey
The purpose of the geophysical investigation was to detect and map subsurface metal in an
attempt to evaluate the presence of MEC at Red Beach and Blue Beach. To further
characterize the subsurface contamination represented by geophysical anomalies,
100 percent of the beach areas used for amphibious assaults (Red Beach East, Red Beach
West, and Blue Beach) were surveyed. The main access road to Red Beach and access roads
to Blue Beach were also surveyed. All of the selected targets in the beach areas were
reacquired for intrusive investigation. In the area near the access road to Red Beach, several
hundred anomalies were mapped. Selected intrusive sampling of these anomalies showed
that this area was used to load munitions onto trucks. All of the anomalies sampled in this
area were either metal lifting lugs used to load munitions, or scrap metal and trash. No
MEC was found in this area. A total of 767 of 1,036 anomalies were reacquired over the
entire survey area. The 269 anomalies, not reacquired, are all located in the munition
loading area where lifting lugs and scrap were found.

Red Beach was divided into two distinct areas, Red Beach West and Red Beach East, totaling
approximately 6 acres. Blue Beach consisted of approximately 5.7 acres. Both beaches were
partitioned into a series of grid cells approximately 200 ft long (widths were determined by
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the widths of the beaches). Grids were named consecutively from west to east at each beach
(R1 through R11 at Red Beach and B1 through B24 at Blue Beach) as shown on Figures 3-1
through 3-4. Figure 3-1 shows the stake locations for grids R1 through R4 on Red Beach
West; Figure 3-2 shows the stake locations for grids R6 through R11 on Red Beach East;
Figure 3-3 shows the stake locations for grids B1 through B19 on Blue Beach West; and
Figure 3-4 shows the stake locations for grids B20 through 24 on Blue Beach East.

A two-phase geophysical prove-out was conducted prior to the start of the production
geophysical mapping. The first phase of the prove-out was conducted at the previously
established prove-out area at Solid Waste Management Area (SWMU) 4. NAEVA
successfully utilized the SWMU 4 prove-out to demonstrate the functionality of the EM-61
electromagnetic sensor based on the duplication of earlier successful results. Geophysical
prove-out results are included in Appendix C. A test line was then established at Red Beach
by CH2M HILL personnel to evaluate site-specific conditions and detection criteria. Because
of the small size of many of the munitions of interest at this site, NAEVA elected to collect
the test line in two different modes of operation for the EM-61. The first mode was identical
to that used at the SWMU 4 prove-out; the sensor was mounted on wheels approximately 40
centimeters (cm) above the ground surface. Test line data were then collected with the
sensor mounted on a sled placing it approximately 3 to 5 cm above the ground surface. The
lowered sensor height allows a greater depth of detection and more sensitivity to small
metallic items. 

All prove-out data were immediately processed and reviewed by the site geophysicist, the
NAEVA technical support team, and CH2M HILL management, prior to the
commencement of the geophysical investigation. Results of the test line prove-out revealed
that the smallest munitions of interest (5.56mm cartridge casings) do not contain sufficient
mass to be detectable, even at the lower sensor height. The smallest potential MEC item of
concern is the 20mm projectile. NAEVA was able to detect the 20mm projectile in the test
line at a depth of 1 ft. Therefore, with no measurable loss in data quality, the wheel mode
was selected as the most efficient data collection method at Red Beach and Blue Beach.
Based on the results of the geophysical prove-out, the wheel mode was able to demonstrate
a 96 percent probability of detection (46 out of 48 items detected) of items 20mm in size and
larger at a confidence level of 95 percent for the depths indicated in the prove-out
(Appendix C). This exceeds EPA’s guidance criteria (EPA, 2002) of 85 percent probability of
detection at a 90 percent confidence level.

All geophysical data were collected and targets reacquired utilizing the Geonics EM-61
instrument. The EM-61 is a time-domain electromagnetic instrument designed to detect,
with high spatial resolution, shallow ferrous and non-ferrous metallic objects. The
instrument consists of two air-cored coils (1 meter [m] x 0.5 m), batteries, processing
electronics, and a digital data recorder. The larger of the two coils functions as the EM
source and receiver and is positioned 40 cm below a second receiver coil. Secondary
currents induced in both coils are measured in millivolts (mV). For this investigation, only
the more sensitive bottom coil data were used for target selection.
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Figure 3-2
Red Beach East Stake Locations
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Figure 3-3
Blue Beach West Stake Locations
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Figure 3-4
Blue Beach East Stake Locations
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Positional data were collected simultaneously with the geophysical data utilizing an
Ashtech Z-FX Surveyor RTK GPS system. Because no known coordinates were available,
GPS base, station locations were established at Red Beach and then at Blue Beach by
performing four half-hour-long positional “gets” during the course of a single day and
calculating the average of the resultant positions, per manufacturer recommendations. A
second GPS antenna was then mounted over the center of the EM-61 coils. The GPS base
station, utilizing an Ashtech Z-FX receiver, broadcast real-time corrections to the roving GPS
unit via a radio link using Pacific Crest radio modems. This system provides positional
updates at a rate of 1 Hz, with an accuracy of 3 cm horizontal. The positional data were
logged to the same file as the geophysical data and stored in a Juniper Systems Allegro field
computer. At the end of each day, all field data were downloaded into a laptop computer
for editing and then sent to NAEVA’s offices for target selection and map production.

Target reacquisition was also accomplished utilizing the Ashtech GPS system and the EM-
61. Target locations were uploaded to the Allegro field computer and then located in the
field by one member of NAEVA’s field team. The second team member followed with the
EM-61, refining target positions where necessary. USA Environmental’s dig team was
supplied with electronic versions of the dig lists as well as paper copies of all contour maps. 

3.1.4 MEC/UXO Survey
USA Environmental, Inc., personnel verified the anomalies by excavating the area flagged
by the geophysical team. A total of 763 metallic targets identified by the geophysical
contractor were investigated by the MEC/UXO team in accordance with the Statement of
Work (SOW). In addition, four targets were excavated and flagged by USA Environmental
in areas where gaps occurred in the geophysical data.

A total of nineteen expended small arms cartridges (5.56mm or 7.62mm) also were
identified and removed. The USA Environmental After-Action Report provided in Appendix
B includes a list of the 767 targets identified. These items were excavated, identified, and
properly disposed of by USA Environmental UXO personnel. Appendix B also contains
copies of the USA Environmental Field Logs describing the field effort and the findings. 

Appendix C contains the NAEVA Geophysical Investigation Report which includes aerial
photos, EM-61 contour maps, quality control data, field notes, and daily logs.

3.1.5 Grid Layout
Red Beach was divided into two distinct areas, Red Beach West and Red Beach East; Blue
Beach was also divided into Blue Beach West and Blue Beach East. Both Red and Blue
Beaches were partitioned into a series of grid cells approximately 200 ft long (widths were
determined by the widths of the beaches). Each beach was evaluated separately and
consisted of only open beach areas, because there is little to no vegetation present at both
investigation sites. For this investigation, 100 percent of all defined quadrants were
investigated. The extreme eastern portion of Blue Beach East was not investigated because
of the rocky nature of the coastline and limited access. This area was not used for
amphibious landings because of the shallow water depth, narrow and rocky beach, and
difficult road access.
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3.2 Source, Nature, and Extent of MEC 
A total of 767 metallic anomalies were investigated. Several ordnance-related scrap (ORS)
items were located. Approximately 20 expended small arms cartridges (5.56mm or 7.62mm)
also were removed

No items were located that required disposal by detonation.

No MEC items were encountered within the project area. 

All items recovered were non-hazardous, and were stored temporarily at Camp Garcia.

3.3 Description of Hazards of Specific MEC Encountered
The area was cleared to a depth of 1 ft as specified in the Work Plan. No ordnance items
were recovered. The geophysical survey was able to detect a 20mm projectile to a depth of
1 ft. Table 3-1 summarizes the Military-Related Items recovered during excavation of the
anomalies at Red Beach and Blue Beach.

The Military-Related Items recovered at Red Beach are listed in Table 3-2 and mapped on
Figure 3-5.

TABLE 3-1
Summary of Military-Related Items Recovered at Red Beach and Blue Beach
Vieques Island, Puerto Rico

Item Material
Red Beach
Quantity

Blue Beach
Quantity Total

7.62mm machine gun cartridge, blank, expended Brass 3 1 4

5.56mm M-16 cartridge, blank, expended Brass 13 2 15

Expended Smoke Grenade Steel 3 0 3

Total Items Found 19 3 22

The Military-Related Items recovered at Blue Beach are listed in Table 3-3 and mapped on
Figure 3-6.
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TABLE 3-2
Military-Related Items Recovered at Red Beach
Vieques Island, Puerto Rico

Grid # Anomaly ID

Depth to
Tip

(inches)

Depth to
Tail

(inches) Date Found Description

R10 R10-71 5 5 12-Dec-02 1 each 7.62mm cartridge case expended 

R10 R10-106 3 3 12-Dec-02 1 each 5.56mm cartridge blank expended

R11 R11-29 5 12 12-Dec-02 1 each 5.56mm cartridge blank expended and
small aluminum scrap. Contact continues past
12 inches 

R8 R8-29 0 7 11-Dec-02 1 each grenade spoon

R8 R8-30 3 10 11-Dec-02 1 each piece of aluminum scrap and 1 each
7.62mm cartridge blank expended.

R8 R8-45 3 12 11-Dec-02 2 each 3/4-inch steel bolt and 2 each 5.56mm
cartridge blanks expended 

R8 R8-74 0 6 11-Dec-02 1 each 5.56mm cartridge blank expended

R9 R9-49 5 12 16-Dec-02 1 each 12-inch length of heavy steel re-bar and
2 each 5.56mm blank cartridges expended

R9 R9-67 8 12 16-Dec-02 1 each 1-inch heavy steel shackle with pin

R9 R9-87 5 5 11-Dec-02 1 each 5.56mm cartridge blank expended

R9 R9-101 3 12 16-Dec-02 1 each 1/2-inch heavy steel shackle with pin

R9 R9-132 5 12 16-Dec-02 2 each 3-inch heavy steel bolts and 2 each
5.56mm cartridge blanks expended

R9 R9-213 6 6 11-Dec-02 3-inch length of steel stock and 1 each 5.56mm
cartridge blank expended 

R9 R9-252 4 12 16-Dec-02 1 each 7.62mm cartridge blank expended and
aluminum clutter 

R9 R9-253 3 12 16-Dec-02 1 each 5.56mm cartridge blank expended at 3
inches 

R9 R9-261 5 12 16-Dec-02 1 each 5.56mm cartridge blank expended;
contact continues deeper than 12 inches 

All of the Military-Related Items identified on Red Beach during the MEC/UXO investigation were on the eastern end of
Red Beach East as shown on Figure 3-5. No ORS was identified on Red Beach West.
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TABLE 3-3
Military-Related Items Recovered at Blue Beach
Vieques Island, Puerto Rico

Grid # Anomaly ID

Depth to
Tip

(inches)

Depth to
Tail

(inches) Date Found Description

B1 B1-1 0 12 13-Dec-02 1 each 7.62mm cartridge blank expended;
contact continues deeper than 12 inches 

B2 B2-11 4 12 13-Dec-02 1 each 5.56mm partial cartridge expended 

B4 B4-17 4 12 16-Dec-02 1 each 5.56mm cartridge blank expended at 4
inches; contact continues deeper than 12
inches

The ORS identified on Blue Beach during the MEC/UXO investigation was located on the western end of Blue Beach
West as shown in Figure 3-6. No ORS was identified on Blue Beach East.

Because the findings of this investigation did not detect any munitions or UXO items, no
risk assessments or corrective actions are warranted at these sites.

3.4 Update of ARS
An initial review of the data currently being used for the PRA Report ARS reveals that for
amphibious assault training, the Marine Corps designated four landing beaches (Red, Blue,
Purple, and Yellow) (Tippets, et al., 1979; U.S. Government Congress Review, 1981;
Department of the Navy, 1999; LANTDIV). The landings were normally conducted on Blue
Beach or Red Beach, and infrequently on Purple or Yellow Beaches. It has also been
documented that no live weapons firing was permitted during the amphibious training
exercises (Tippets, et al., 1979).

3.5 Addendum to Report
At the request of EPA, additional investigation activities were conducted from April 27-29,
2003. Seventy-two geophysical anomalies were investigated to a depth of four feet and a
visual underwater survey was conducted to a depth of 4-5 feet at both Red and Blue
Beaches. The only military item found was a practice mine that was unfuzed, empty, and
corroded. No UXO was found. The addendum is included in Appendix D.
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SECTION 4

Conclusions and Recommendations

4.1 Conclusions
The results of the MEC Site Investigation indicate that no MEC is present to a depth of 1 ft
bls on the beach and road areas of Red Beach and Blue Beach. In general, the MEC survey
supported historical information for the site which determined that the site was never used
as a range or otherwise exposed to live fire from military munitions. The findings of the
geophysical survey and anomaly recovery identified 22 military training-related items, but
no MEC were identified. The Military-Related Items were limited to 5.56mm and 7.62mm
expended blank cartridges, and fragments of expended smoke grenades. A significant
portion of the 767 anomalies identified during the geophysical survey were non-MEC scrap
related to subsurface civilian trash, likely originating during the period that the beaches
were open to the public. 

In accordance with the available regulatory and DoD guidance, these findings do not
require an evaluation of risk, nor do they warrant preparation of a response action. The only
potential risk represented by the types of items found would be the possible accidental
firing of a small arms blank cartridge. The small arms blank cartridges, all of which were
expended, have no projectiles and the only potential risks upon discharge would be a flash
powder burn and noise impacts.

4.2 Recommendations
The Preliminary MEC Site Investigation was planned and executed in accordance with the
intended land use for Red Beach and Blue Beach as a wildlife refuge. The refuge, which
encompasses approximately 13,700 acres, will be managed by the DOI. Considering the
current and expected future land use and the conclusions presented in Section 4.1,
CH2M HILL recommends that No Further DoD Action is Indicated (NFDAI) for Red Beach
and Blue Beach.

Results of the additional investigations conducted from April 27-29, 2003 (Appendix D) also
concluded that Red Beach and Blue Beach can be opened for recreational use by the public.
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APPENDIX A. RED BEACH AND BLUE BEACH SITE PHOTOGRAPHS

1. Red Beach (facing southwest).

2. Red Beach (facing west).
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3. Red Beach (facing east).

4. Red Beach west (facing northeast).
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5. Red Beach Equipment Check Area (ECA). 
 .

6. Red Beach west target area.
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7. Red Beach east.

8. Red Beach western end.
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9. Blue Beach west.

10. Blue Beach western tip.
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11. Blue Beach east.

12. Blue Beach eastern tip.
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APPENDIX A. RED BEACH AND BLUE BEACH SITE PHOTOGRAPHS

13. Hand-held data logger used in OE/UXO investigation at Red Beach and 
Blue Beach.

14. Hand-held data logger used in OE/UXO investigation at Red Beach and 
Blue Beach.
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APPENDIX A. RED BEACH AND BLUE BEACH SITE PHOTOGRAPHS

15. Anomly reacquisition with metal detector.

16. Anomaly investigation.
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APPENDIX A. RED BEACH AND BLUE BEACH SITE PHOTOGRAPHS

17. Geophysical survey along Red Beach with EM-61 magnetometer and 
DGPS.

18. Geophysical survey along Red Beach with EM-61 magnetometer and 
DGPS.
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19. Geophysical team conducting anomaly reacquisition with DGPS.

20. Anomaly reacquisition.
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21. Ferrous artifacts found (including nails, rebar, and shovel); non-OE 
scrap.

22. Ferrous artifacts found (including scrap metal, rebar, and shovel); non-OE 
scrap.



A-12DFB/31003696624/030430001.INDD

APPENDIX A. RED BEACH AND BLUE BEACH SITE PHOTOGRAPHS

23. Ferrous artifacts found; non-OE scrap.

24. Non-ferrous artifacts found; non-OE scrap.
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25. Ordnance-related scrap found.

26. Ordnance-related scrap found.
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27. Drums used for scrap metal disposal.

28. Drum holding area for scrap metal disposal at Camp Garcia.
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After Action Report (USA Environmental, Inc.)
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Results of Geophysical Investigation (NAEVA
Geophysics, Inc.
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1 EXECUTIVE SUMMARY 
 

NAEVA Geophysics Inc. was contracted to conduct geophysical investigations at two sites 

identified as Red Beach and Blue Beach, located in the Eastern Maneuver Area of Vieques 

Island, Puerto Rico.  The purpose of these investigations was to detect and map subsurface 

metal in an attempt to evaluate the presence of unexploded ordnance (UXO) at the two sites 

(Figure 1).  To further characterize the subsurface contamination represented by geophysical 

anomalies, approximately 74% of the selected targets were reacquired for intrusive 

investigation.  Red Beach was divided into two distinct areas, Red Beach West and Red 

Beach East, totaling approximately 6 acres while Blue Beach consisted of approximately 5.7 

acres.  Both Blue and Red Beaches were partitioned into a series of grid cells approximately 

200 feet long (widths were determined by the widths of the beaches).  Grids were named 

consecutively from west to east at each beach (R1 through R11 at Red Beach and B1 through 

B18 at Blue Beach). 

 

A two phase geophysical prove-out was conducted prior to the start of the production 

geophysical mapping.  The first phase of the prove-out occurred at the previously established 

prove-out area at SWMU 4.  CH2M HILL personnel then constructed a test line at Red 

Beach East to evaluate site-specific conditions and detection criteria.  All prove-out data 

were immediately processed and reviewed by the site geophysicist, the NAEVA technical 

support team, and CH2M HILL management, prior to the commencement of the geophysical 

investigation.  Prove-out results demonstrated that NAEVA’s personnel, equipment, and 

methods were all sufficient to meet the project performance requirements. 

 

USA Environmental, Inc. conducted intrusive work simultaneously with geophysical data 

collection and target reacquisition.  NAEVA provided the intrusive team with digital dig 

sheets on which annotated field notes were recorded for each subsequent dig.  A total of 763 

targets were selected for intrusive investigation.  A significant percentage of these anomalies 

were found to result from the presence of subsurface civilian trash, likely originating in the 

period that the beaches were open to the public. 
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2 INTRODUCTION 
 

In accordance with CTO-272 for the Navy CLEAN II Prime Contract Number N62470-95-

D-6007, NAEVA Geophysics, Inc. was contracted by CH2M HILL to conduct digital 

geophysical mapping and anomaly reacquisition at Red Beach and Blue Beach in the Eastern 

Maneuver Area (EMA), Vieques Island, Puerto Rico.  The primary objective of the 

geophysical mapping was an attempt to evaluate the presence of UXO/OE at the two 

beaches.  The sites are located on the eastern third of the island of Vieques, Puerto Rico, 

along the southern shore.  Site preparation work included UXO surface clearance, trash 

removal, and vegetation removal where necessary.  The geophysical investigation was 

conducted from December 2 to December 19, 2002.  USA Environmental, Inc., under a 

separate contract, conducted intrusive operations in conjunction with the geophysical 

investigation. 

 

3 BACKGROUND 
 

The EMA occupies the eastern end of the island of Vieques, encompassing approximately 

11,000 acres.  Military activities at the site were conducted under the supervision of Atlantic 

Fleet and other allied ships and air wings.  Former uses include the providing of facilities and 

scheduling for naval gunfire support and air-to-ground ordnance delivery training.  Red 

Beach and Blue Beach lie along the southern coast of the EMA and are suspected to have 

been used as practice amphibious landing sites.  Portions of the EMA, including the two 

beaches, are scheduled to be transferred to the Department of the Interior and opened to 

public use in 2003.  Most of area within the EMA remains undeveloped.   

 

4 GEOLOGY/TOPOGRAPHY/VEGETATION 
 

The mapped bedrock geology at the sites is primarily comprised of limestones of Tertiary 

and Miocene ages.  Beach and dune deposits made up of calcite, quartz and volcanic rocks, 

and fragment sand dominate surface morphology at the site.  Bedrock outcrops occur at the 
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ends of the beaches and mark the limits of investigation in those areas.  Vegetative ground 

cover consists mainly of grass and low brush with occasional taller brush and small trees. 

 

5 PROVE-OUT 
 

The purpose of test plots for prove-out exercises is to demonstrate the effectiveness of all 

instrumentation, methods, and personnel prior to the initiation of fieldwork.  The prove-out 

for this investigation was conducted in two phases prior to the start of geophysical mapping.  

A complete prove-out was conducted at SWMU 4, an area established during a previous 

project on Vieques.  The smallest buried munition at SWMU 4 was the 20mm projectile.  

Various larger tailfin assemblies, fuses, and projectiles (all of which were recovered during 

surface clearance of the site) were also included in the seeded items.   Data collection at the 

SWMU 4 prove-out was designed to demonstrate the functionality of NAEVA’s geophysical 

equipment based on the duplication of earlier results.  The second prove-out phase consisted 

of a single test line established at Red Beach East and seeded with items expected to be 

found at the two beaches.  Munitions along the test line ranged in size from a 5.56 mm rifle 

cartridge to a 20mm projectile and included smoke canisters and various combinations of 

small arms munitions buried in clusters.  Test line measurements were designed to evaluate 

two different sensor configurations, wheel mode and sled mode, in order to determine the 

most appropriate site-specific method of data collection.  Serial number identification was 

recorded for all instrumentation (i.e. data logger, coils, backpack, GPS equipment), and the 

geophysical mapping was conducted using the same personnel, equipment, and 

methodologies employed for all geophysical survey work.  During both prove-out exercises, 

preliminary maps were generated, and the locations of anomalies in the data were compared 

to the actual seeded positions.  (Appendix A)       

 

5.1 Prove-Out Phase I (SWMU 4) 
 

During geophysical investigations at SWMU 4 in the spring of 2002, a 100-foot by 50-foot 

area was established and seeded with 48 target items by CH2M HILL personnel.  Survey 

design (i.e. locations, orientations, and depth of targets) was predetermined and recorded by 
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the CH2M HILL representative who oversaw the prove-out work.  Prior to the start of 

geophysical mapping at Red Beach and Blue Beach, the prove-out area was surveyed with 

the EM-61 in a standard wheel-mode configuration, in order to establish the functionality of 

the instrument as compared to earlier results.  This phase of data collection in the prove-out 

was ended three feet (one line) short of the designed width resulting in a lack of data over 

two emplaced items.  Of the items over which data was collected, all 46 were detected and 

targeted accurately, as well as some other “unknown” items.  The response exhibited over the 

items varied based upon their orientation and depth below the ground surface.  (Appendix A)   

 

5.2 Prove-Out Phase II (Test Line) 
 

Following the successful completion of the SWMU 4 prove-out, a test line was constructed at 

Red Beach East to determine the most appropriate method of data collection.  Established by 

CH2M HILL personnel, the test line measured approximately 70 feet and contained a total of 

15 burials, some of which included multiple small arms cartridges.  Data collection along the 

test line was accomplished with the EM-61 operated in wheel-mode and in sled mode.  Sled 

mode data collection places the EM-61 coils 3-5cm off the ground surface allowing greater 

depths of detection. In order to expedite the prove-out process, test line data in both wheel 

and sled mode were collected without GPS equipment, as would be used in the actual survey.  

Both methods resulted in the accurate detection of eight of the 15 burials.  Detected items 

included all six 20mm projectiles and the two CS/Smoke grenades.  In sled mode one 

additional item, a .30 caliber rifle casing, was detectable at just above the proposed threshold 

level.  All other emplaced items smaller than a 20mm projectile were not detected using 

either method.  (Appendix A) 

 

5.3 Prove-Out Conclusions  
 

The procedures and guidelines outlined for the investigation of potential UXO at Red Beach 

and Blue Beach were successfully developed and implemented during the two phases of the 

initial prove-out.  Results of the test line prove-out were discussed with CH2M HILL 

personnel in order to select the most appropriate method of data collection for the 

investigation.  The inability to detect any of the small arms cartridges was believed to be a 
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result of the relatively small mass of the items of interest in comparison to the coil diameter 

of the EM-61.  Based on the comparable detection capabilities, wheel-mode operation was 

selected as the most expedient method of data collection.  The EM-61 was then outfitted with 

a GPS antenna and the test line was collected a third time to establish the appropriate 

threshold response value for the geophysical mapping (Appendix A).  Relatively low 

background levels of response (“noise”) were observed and, along with the small size of the 

munitions of interest, resulted in the selection of a 3 mV targeting threshold.  It was noted at 

this time that the use of GPS equipment in close proximity to the electromagnetic sensor at a 

3 mV threshold could result in a slight increase in no finds by the intrusive team.  

 

6 METHODS 
 

Due to the small size of suspected ordnance (20mm and smaller) and the results of previous 

investigations on Vieques, the Geonics EM-61 (1m x 0.5m coil) electromagnetic metal 

detector was selected as the geophysical method for the investigations at Red Beach and Blue 

Beach.  

  

6.1 Geonics EM-61 (Electromagnetics) 
 

The EM-61 is a time-domain electromagnetic instrument designed to detect, with high spatial 

resolution, shallow ferrous and non-ferrous metallic objects.  The applicability of the 

instrument for OE detection has been widely demonstrated at sites across the United States. 

The instrument consists of two air-cored coils (1m x 0.5m), batteries, processing electronics, 

and a digital data recorder.  The thicker of the two coils functions as the EM source and 

receiver and is positioned 40 cm below a second receiver coil.  Secondary currents induced in 

both coils are measured in millivolts (mV).  For this investigation, the EM-61 was operated 

in wheel-mode in which non-metallic wheels are attached to the bottom coil and used to 

propagate the instrument across the site at a height of 40 cm. 

   

Due to the open surface conditions (no tree cover) and the narrow, curving shape of the 

beaches, the EM-61 was operated in conjunction with Global Positioning System (GPS) 

CH2M HILL – Red Beach and Blue Beach  1/30/03 
Vieques, Puerto Rico 6 Draft 
   

 



equipment.  EM-61 readings were recorded simultaneously with the GPS positional data and 

stored in a Juniper Systems Allegro field computer.  The EM-61 was set to record readings at 

the fastest rate available (“XFAST mode” ~ 10 readings/sec), which equated to more than 

one reading per foot over the relatively open and flat terrain.   

 

6.2 Ashtech Z-FX Surveyor RTK (Real Time Kinematic) GPS system 
 

An Ashtech Z-FX Surveyor RTK GPS system was used for the real-time acquisition of 

positional data during geophysical data collection.  The same system was used to establish 

the stake locations marking grid cell boundaries and to reacquire the locations of all selected 

targets. A GPS base station, utilizing an Ashtech Z-FX receiver, was used in conjunction 

with a rover antenna either mounted over the center of the EM-61 coils for data collection or 

placed atop an approximately two-meter long pole for surveying stake locations and for 

reacquisition.  Real time corrections were broadcast to the roving GPS unit via a radio link 

using Pacific Crest radio modems.  This system provides positional updates at a rate of 1 Hz, 

with an accuracy of 3-cm horizontal. During data collection, the positional data was stored 

along with the EM-61 readings in a single file on a Juniper Systems Allegro field computer 

for later downloading into a laptop computer.  Reacquisition and the placing of survey stakes 

were accomplished by uploading the necessary points into the Allegro and then maneuvering 

the GPS roving antenna (detached from the EM-61) to the specified coordinates. 

 

As no known survey locations were conveniently available, the system was first used to 

establish one GPS base point each for Red Beach and Blue Beach.  For the Red Beach base 

point a metal rod was driven into the ground to act as a survey marker.  The GPS base station 

was then positioned over the rod an set to take an average of readings collected over 30 

minutes.  As per manufacturer recommendations, this process was repeated three times over 

the course of a day.  The three resultant locations were then averaged resulting in a highly 

accurate base location.  Once this location had been established, the GPS rover was used to 

establish the Blue Beach base location over an unlabeled survey monument.  Coordinates for 

both GPS base locations can be found in Appendix F and should be employed during any 

subsequent use of data collected by NAEVA during this project. 
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7 FIELD DATA ACQUISITION 
 

Acquiring GPS positions simultaneous to the geophysical data required the participation of 

two people at all times during data collection.  The geophysical team moved in single file 

over each survey area with the EM-61 trailing behind.  The lead person wore the GPS rover 

backpack containing the Pacific Crest Radio receiver, a battery, and other associated 

electronics.  This positioning was maintained in order to achieve maximum separation 

between the GPS backpack and the EM-61 coils, avoiding the influence of radio interference 

on the geophysical data.  The second person towed the EM-61 while wearing its backpack 

and the data logger.  A cable connecting the GPS backpack and the logger allowed both data 

sets to be collected simultaneously into the same file.  (See photos, Appendix E) 

 

Geophysical data at each site was collected between the high water mark on the ocean side of 

the beach and the leading edge of thick brush cover on the interior side.  Individual survey 

cells approximately 200 feet long in the east-west direction were established in the field with 

wooden lathe placed at each of the four corners.  The locations were based on idealized cell 

corners and unique quadrant identifications developed by NAEVA prior to the fieldwork.  

Each survey cell was named by using a nomenclature of “R” for Red Beach, “B” for Blue 

Beach, and increasing numbers to the east (Figure 1).  The idealized (latitude/longitude) 

coordinates were uploaded into an RTK global positioning system (GPS).  Where practical, 

the stakes were placed directly at the idealized location using the GPS to navigate to each 

point.  Since the idealized coordinates were based on the inspection of aerial photos, it was 

occasionally necessary to modify stake locations in the field in order to facilitate full 

coverage of the areas of investigation.  All non-idealized corner stakes were revisited with 

the GPS, and the actual positions of the stakes were then recorded and used in place of the 

idealized locations on all subsequent maps (Appendix F).   

 

The geophysical data were collected and organized using the 200-foot long grid cells. For 

production purposes, some of the more narrow cells were collected simultaneously and then 

split apart during post-processing.  The western, middle, and eastern ends of each cell were 

marked with colored ropes stretched between the wooden stakes.  The use of GPS during 

data collection eliminated the need to establish any local coordinate systems.  All data was 
CH2M HILL – Red Beach and Blue Beach  1/30/03 
Vieques, Puerto Rico 8 Draft 
   

 



collected and reacquired in WGS 84 latitude/longitude coordinates and then converted to 

UTM coordinates for presentation purposes.   

 

Geophysical data was collected along lines parallel to the shoreline starting on the ocean side 

and working inward.  In areas of soft sand, the field team was able to navigate by observing 

the wheel tracks from previous passes and moving inland no more than three feet.  When the 

sand became more compacted or when grass or other ground cover was present, traffic cones 

were moved along the ropes at three-foot intervals ensuring straight-line profiling and 

complete data coverage.  At the conclusion of data collection within each survey cell, a 

separate file was created within which the field team collected a single data pass around the 

border of the area of investigation.  This file was utilized in post-processing to “clip” any of 

the data lying outside the survey cell boundaries (i.e. turn-around locations).  

 

8 QUALITY CONTROL DATA 
 

To establish confidence in the data reliability, tests were conducted in a systematic manner 

throughout the duration of the fieldwork. Various types of quality control data were 

generated prior to, during, and after all data collection sessions.  Weekly system checks were 

also conducted to confirm that the continued integrity of the entire system was adequate.  

Samples of various quality control data are included in Appendices B and C of this report.  

All quality control data are submitted with the electronic version of this report. 

 

DAILY:  A location near that day’s fieldwork identified as having no subsurface metal was 

designated as a calibration point.  Readings were collected in a stationary position over the 

calibration point to ensure a stable and repeatable response was exhibited.  During this time, 

a hand-held radio was placed in the center of the coils, and the instrument’s response was 

observed. The radio was then removed, and static readings were continued (Appendix B).  

This test was performed at the beginning and end of each day to establish that the instrument 

was functioning properly, as indicated by a stable and repeatable response.  
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DURING DATA COLLECTION:  Upon completion of the original collection of a data set, 

approximately 5% of the line footage for each surveyed block was recollected as a check of 

instrument repeatability and positioning.   The repeat lines were saved to separate files and 

used to create profiles that provide direct comparison with the original data. Each profile was 

evaluated, and was determined to show good repeatability in both instrument response and 

data positioning (Appendix B). 

 

AFTER DATA COLLECTION:  While the instrument was still on and functioning, and after 

original and repeat data were collected for the surveyed area, a hand-held radio was placed 

within the previously acquired grid.  Two approximately 50-foot lines were collected bi-

directionally across the item along the same survey line.  The data was then reviewed for 

consistent response, positioning, and to determine an appropriate lag correction (Appendix 

B). 

 

END OF PROJECT:  The SWMU 4 prove-out area was resurveyed at the conclusion of data 

acquisition procedures to demonstrate the continued consistent response and positioning of 

anomalies generated by known items (Appendix C).  This second phase of prove-out data 

collection was conducted with all GPS equipment in place just as it was for the production 

mapping.  The GPS equipment was turned on but the data was not logged due to the dense 

tree canopy at the prove-out site.  Data processing was conducted in an identical manner to 

that of the earlier prove-out in an attempt to evaluate any additional noise introduced into the 

data by the GPS equipment. 

 

9 DATA PROCESSING 
 

The geophysical data were temporarily stored in the instrument logger and then downloaded 

into a laptop computer for on-site review and editing.  Using Geosoft’s Oasis Montaj 

software, a track plot of the instrument’s GPS positions was created to ensure that adequate 

data coverage had been achieved.  Preliminary contour maps were then created for field 

review of each survey cell.  Once in field processing and review was completed, the data 
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were electronically transferred to NAEVA’s Virginia office for analysis/target selection and 

final map production.   

 

Geosoft’s Oasis Montaj UXO software package was employed to post-process and contour 

the raw data, and to identify and characterize potential UXO targets.  The program identifies 

peak amplitude responses of the frequency associated with, but not limited to, UXO items.  

Anomalies may generate multiple target designations depending on individual signature 

characteristics.  The target list provides X and Y coordinate locations (in UTMs) for each 

item and the recorded peak amplitude above the background response.   

Geophysical data processing includes the following:   

•  Instrument drift correction (leveling); 
•  Lag correction; 
•  Digital filtering and enhancement (if necessary); 
•  Gridding of data; 
•  Selection of all anomalies; 
•  Selection of targets for intrusive characterization; 
•  Preparation of geophysical and target maps. 

 
For the majority of grids, all selected anomalies were reacquired for intrusive investigation.  

In those instances when CH2M HILL personnel elected to investigate a sampling of the 

targets within a survey cell, NAEVA’s field team selected anomalies with even spatial 

distribution and variable amplitude responses.  Those targets not selected were eliminated 

from the electronic data supplied to the dig team. 

 

10 TARGET REACQUISITION 
 

Reacquisition was accomplished by using the roving GPS antenna mounted atop an 

approximately two-meter tall survey staff.  Completed dig lists were first uploaded into the 

Allegro field computer.  The GPS antenna was then maneuvered to the specified state plane 

coordinates for each selected target.  When the GPS unit displayed a value within 0.5 feet of 

the target location, a labeled pin flag was placed in the ground.  Next, the EM-61 was used to 

locate the peak or center of the anomalous feature and further refine the position of each 
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target flag.  The target lists also included the original peak responses (mV) that were used to 

ensure the reacquired EM-61 response was sufficient.  

 

11 INTRUSIVE CLEARANCE 
 

Data packages (Appendix D), which included contour/target maps and digital target lists for 

each surveyed cell, were made available to the intrusive team to aid with anomaly clearance.  

Using hand-held detectors (Schonstedt gradiometer and Min-Ex metal detector), the UXO 

contractor (USA Environmental, Inc.) conducted excavations of the reacquired targets 

simultaneously with NAEVA’s data collection and reacquisition work.  

 

12 RESULTS   
 

The initial survey design for this project called for the geophysical investigation of 

approximately 20 acres spread over four geographically distinct beaches; Red Beach West, 

Red Beach East, Blue Beach West, and Blue Beach East.  Following a field examination of 

Blue Beach East, CH2M HILL personnel directed NAEVA to eliminate that beach from the 

investigation.  Contoured geophysical data from the remaining three beaches revealed 

varying concentrations of subsurface metal throughout the areas of investigation.  

Concentrations increased with distance from the shoreline and were generally greater in those 

areas believed to have received the most use during the period that the beaches were open to 

the public.  Intrusive investigation of selected discrete anomalous features revealed limited 

OE and OE related scrap intermixed with significant amounts of metallic civilian trash. 

 

Red Beach East provides the clearest illustration of what are believed to be the main 

contributors to any remaining subsurface contamination.  Of the three investigated beaches, 

Red Beach East possesses the most open ground inland from the actual beach areas and is 

believed to have received the heaviest civilian traffic while open to the public.  Western 

survey cells at this beach (R06 and R07) are more remote from the parking area, have no 

picnic facilities, and contain the greatest percentage of open sand beach subject to 

CH2M HILL – Red Beach and Blue Beach  1/30/03 
Vieques, Puerto Rico 12 Draft 
   

 



disturbance by wave action.  The relatively inconvenient access and the removal of 

subsurface items by wave and tidal action are believed to be primarily responsible for the low 

concentrations of geophysical anomalies within these two cells.  The eastern survey cells, 

containing parking areas and pavilions with picnic tables, have a much higher concentration 

of geophysical anomalies.  Intrusive investigations revealed that many on the anomalies 

result from the presence of subsurface civilian trash. 

 

Geophysical mapping at Blue Beach West included the investigation of several access roads 

connecting the beach itself to the main road that parallels it.  CH2M HILL personnel selected 

the individual access roads to be investigated and utilized colored flagging to indicated the 

extents of investigation.  Geophysically mapped access roads can be found in grids B02, 

B04, B05, B06, B07, B09, and B13, respectively.  As at the Red Beaches, anomaly 

distributions at Blue Beach seem to be controlled by the amount of use at a given section and 

that areas distance from the wave zone.  Sampled access roads also follow this trend as roads 

with the highest anomaly concentrations lead to areas of the beach with the highest anomaly 

concentrations.   

 

The geophysical investigation was successful in identifying discrete anomalies within all 

three of the investigated beaches.  Target lists were generated for each surveyed cell. All 

anomalies that occurred at or above the targeting threshold of 3 mV were identified using a 

unique ID number. Intrusive investigations at the site revealed a no find rate of 

approximately 11%, slightly higher than normal.  This rate is believed to be due primarily to 

the use of GPS equipment and a relatively low targeting threshold.  As demonstrated in the 

second data collection effort at the SWMU 4 prove-out, the addition of GPS equipment to the 

sensor system results in slightly greater electromagnetic noise.  NAEVA’s analysis of the no 

find data reveals than an increase of the targeting threshold to 4 mV would have resulted in 

the elimination of the majority of the no finds.  The lower threshold was maintained 

throughout the project due to the small size of many of the ordnance items of concern. 

 

Selected targets within each survey cell were prioritized by designating the highest amplitude 

response as the number one target.  A target list was then created including anomaly ID, x 
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and y target locations in UTM coordinates, and peak amplitude response.  When appropriate, 

a second list was generated which identified only those targets selected for intrusive 

investigation within that cell. Selected targets were designed to provide a sampling of the 

anomaly distribution spatially, as well as variable amplitude response. 
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Targets Target ID Easting (ft) Northing (ft) Grid Value (mV)
1 PO-1 38.25 14.25 1244.89
2 PO-2 30.75 22.50 369.20
3 PO-3 24.00 0.00 228.75
4 PO-4 45.00 98.25 191.37
5 PO-5 3.00 99.00 166.11
6 PO-6 44.25 68.25 159.82
7 PO-7 3.00 60.00 150.13
8 PO-8 15.75 36.00 143.73
9 PO-9 3.00 37.50 131.56

10 PO-10 3.75 77.25 122.31
11 PO-11 12.00 95.25 108.27
12 PO-12 21.00 58.50 101.52
13 PO-13 35.25 61.50 100.82
14 PO-14 12.00 23.44 93.00
15 PO-15 21.00 19.50 86.81
16 PO-16 36.00 2.69 71.25
17 PO-17 34.50 72.50 50.61
18 PO-18 30.00 38.25 47.79
19 PO-19 13.50 64.50 45.67
20 PO-20 6.75 27.31 33.37
21 PO-21 33.00 81.75 32.95
22 PO-22 22.00 75.00 31.99
23 PO-23 29.25 95.25 27.37
24 PO-24 39.00 25.50 27.00
25 PO-25 11.25 86.25 24.24
26 PO-26 48.00 32.66 23.25
27 PO-27 48.00 3.00 23.24
28 PO-28 6.00 67.50 23.24
29 PO-29 9.75 17.25 21.75
30 PO-30 45.00 81.75 21.00
31 PO-31 31.50 52.50 20.69
32 PO-32 36.00 45.00 20.63
33 PO-33 42.00 50.25 20.62
34 PO-34 40.50 6.75 19.29
35 PO-35 45.00 12.75 18.72
36 PO-36 36.75 31.50 17.90
37 PO-37 12.00 75.39 16.50
38 PO-38 39.00 32.25 16.38
39 PO-39 45.00 6.86 16.13
40 PO-40 39.00 37.50 14.45
41 PO-41 41.25 88.50 14.44
42 PO-42 30.00 9.00 14.25
43 PO-43 16.50 6.00 12.90
44 PO-44 4.50 6.00 12.07

Date of Survey:  December 3, 2002

Target Pick Table (EM-61)

CH2M HILL
Pre Survey Prove Out 

Red Beach and Blue Beach
Vieques, Puerto Rico

Prepared by: NAEVA Geophysics, Inc.
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Targets Target ID Easting (ft) Northing (ft) Grid Value (mV)

Date of Survey:  December 3, 2002

Target Pick Table (EM-61)

CH2M HILL
Pre Survey Prove Out 

Red Beach and Blue Beach
Vieques, Puerto Rico

45 PO-45 6.00 4.44 12.00
46 PO-46 9.00 19.76 12.00
47 PO-47 48.00 9.00 11.99
48 PO-48 18.00 80.25 11.15
49 PO-49 30.00 63.75 9.00
50 PO-50 3.00 89.84 9.00
51 PO-51 3.00 43.25 7.50
52 PO-52 3.00 67.19 7.50
53 PO-53 6.00 43.50 7.40
54 PO-54 33.00 35.00 7.13
55 PO-55 11.25 47.25 6.66
56 PO-56 30.00 78.75 6.54
57 PO-57 18.00 40.08 5.81
58 PO-58 21.00 92.25 5.81
59 PO-59 48.00 86.15 5.53
60 PO-60 15.00 54.30 5.25
61 PO-61 48.00 90.39 5.25
62 PO-62 12.00 44.25 5.25
63 PO-63 24.00 28.23 5.25
64 PO-64 42.00 29.25 5.01
65 PO-65 22.50 48.75 4.53
66 PO-66 45.00 60.00 4.31
67 PO-67 12.00 50.25 3.75
68 PO-68 18.00 54.00 3.75
69 PO-69 12.00 70.24 3.75
70 PO-70 12.00 31.15 3.75
71 PO-71 27.00 56.25 3.56
72 PO-72 24.00 81.00 3.52
73 PO-73 48.00 44.25 3.37
74 PO-74 24.00 45.75 3.00
75 PO-75 45.00 87.70 3.00

Prepared by: NAEVA Geophysics, Inc.
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Seeded ID Nomenclature X (ft) Y (ft) Depth Orientation Direction NAEVA 
Target ID x (ft) y (ft) Grid Value 

(mV) Offset

1 5"/54 Illumination Round 5.00 6.00 48" Horizontal NW-SE 44 4.50 6.00 12.07 0.50
2 Mech Time Fuze (projo) 10.25 17.25 4" N/A N/A 29 9.75 17.25 21.75 0.50
3 5"/54 Illumination Round 7.50 28.50 36" 45° Nose Down 20 6.75 27.31 33.37 1.41
4 5" ZUNI Rocket Fin Assembly 13.50 24.25 6" H E-W 14 12.00 23.44 93.00 1.71
5 MK 230 Bomb Tail fuze 3.50 38.00 14" H N-S 9 3.00 37.50 131.56 0.71
6 MK 230 Bomb Tail fuze 16.50 35.75 16" H N-S 8 15.75 36.00 143.73 0.79
7 5"/54 Illumination Round 11.00 47.75 48" H NW-SE 55 11.25 47.25 6.66 0.56
8 20 MM HE (UNFUZED) 22.75 48.50 3" V N/A 65 22.50 48.75 4.53 0.35
9 MK 230 Bomb Tail fuze 21.00 58.75 14" V N/A 12 21.00 58.50 101.52 0.25
10 MK 230 Bomb Tail fuze 4.00 60.50 10" H N/A 7 3.00 60.00 150.13 1.12
11 5"/54 Illumination Round 14.25 64.25 25" 45° Nose Down 19 13.50 64.50 45.67 0.79
12 40 MM CTG (Aluminum) 6.00 67.50 2" H N - S 28 6.00 67.50 23.24 0.00
13 20 MM HE (UNFUZED) 1.00 67.25 2" H N/A 52 3.00 67.19 7.50 2.00
14 3" Projectile HE (UNFUZED) 4.50 77.50 18" H E - W 10 3.75 77.25 122.31 0.79
15 20 MM HE (UNFUZED) 12.25 76.00 3" H N/A 37 12.00 75.39 16.50 0.66
16 20 MM HE (SIMULATOR) 18.00 80.75 4" H N/A 48 18.00 80.25 11.15 0.50
17 5"/54 Illumination Round 12.25 87.50 30" V Nose Down 25 11.25 86.25 24.24 1.60
18 3" Projectile HE (UNFUZED) 2.25 89.75 34" 45° Nose Down 50 3.00 89.84 9.00 0.76
19 5" ZUNI Rocket Fin Assembly 2.25 99.50 10" H E - W 5 3.00 99.00 166.11 0.90
20 3" CTG Case (Aluminum) 13.25 96.50 6" H N/A 11 12.00 95.25 108.27 1.77
21 20 MM HE (UNFUZED) 21.75 92.00 2" H N/A 58 21.00 92.25 5.81 0.79
22 5"/54 Illumination Round 30.00 95.50 34" H NE-SW 23 29.25 95.25 27.37 0.79
23 3" CTG Case (Aluminum) 32.75 82.00 6" V N/A 21 33.00 81.75 32.95 0.35
24 3" Projectile HE (UNFUZED) 22.50 74.25 24" H E - W 22 22.00 75.00 31.99 0.90
25 20 MM HE (UNFUZED) 29.00 64.25 4" H N/A 49 30.00 63.75 9.00 1.12
26 81 MM Tail Boom  Assy 35.50 62.00 7" H N/A 13 35.25 61.50 100.82 0.56
27 5"/54 Illumination Round 31.00 53.00 38" H N - S 31 31.50 52.50 20.69 0.71
28 3" Projectile HE (UNFUZED) 30.00 39.75 16" H E - W 18 30.00 38.25 47.79 1.50
29 JATO bottle 21.50 20.25 44" H N - S 15 21.00 19.50 86.81 0.90
30 5"/54 Illumination Round 17.75 5.50 42" H N - S 43 16.50 6.00 12.90 1.35
31 3" Projectile HE (UNFUZED) 24.00 0.75 5" H N - S 3 24.00 0.00 228.75 0.75
32 5"/54 Illumination Round 30.25 8.75 38" H E - W 42 30.00 9.00 14.25 0.35

CH2M HILL

Target Comparison Table (EM-61)

Vieques, Puerto Rico
Red Beach and Blue Beach

Pre Survey Prove Out

Prepared by: NAEVA Geophysics, Inc.
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Seeded ID Nomenclature X (ft) Y (ft) Depth Orientation Direction NAEVA 
Target ID x (ft) y (ft) Grid Value 

(mV) Offset

CH2M HILL

Target Comparison Table (EM-61)

Vieques, Puerto Rico
Red Beach and Blue Beach

Pre Survey Prove Out

33 MK7 Igniter WP 35.50 3.00 5" N/A N/A 16 36.00 2.69 71.25 0.59
34 20 MM Ammo Can Lid 38.00 14.00 2" H N - S 1 38.25 14.25 1244.89 0.35
35 3" Projectile HE (UNFUZED) 30.75 22.75 5" H N - S 2 30.75 22.50 369.20 0.25
36 5"/54 Illumination Round 38.25 26.00 32" H N - S 24 39.00 25.50 27.00 0.90
37 20 MM HE (UNFUZED) 36.00 45.00 4" N/A N/A 32 36.00 45.00 20.63 0.00
38 2.75" Rocket Motor 40.75 50.50 30" H N - S 33 42.00 50.25 20.62 1.27
39 MK 230 Bomb Tail fuze 45.50 68.00 4" H N - S 6 44.25 68.25 159.82 1.27
40 5" ZUNI Rocket Fin Assembly 35.75 72.75 14" H E-W 17 34.50 72.50 50.61 1.27
41 M344 Bomb Nose Fuze 46.00 82.50 5" N/A N/A 30 45.00 81.75 21.00 1.25
42 5"/54 Illumination Round 45.00 87.50 40" H NE -SW 75 45.00 87.70 3.00 0.20
43 MK 230 Bomb Tail fuze 44.50 99.25 10" H E - W 4 45.00 98.25 191.37 1.12
44 20 MM HE (UNFUZED) 49.50 85.75 3" V N/A 59* 48.00 86.15 5.53 1.55
45 81 MM Tail Boom  Assy 50.50 45.00 8" 45° Nose Down 2.5 ft East of last line surveyed
46 3" Projectile HE (UNFUZED) 48.00 33.25 26" V Nose Down 26 48.00 32.66 23.25 0.59
47 M84 Fuze Time (Nose) 50.50 19.75 4" N/A N/A 2.5 ft East of last line surveyed
48 5" HVAR Rocket Motor 44.00 6.50 48" h E - W 39 45.00 6.86 16.13 1.06

* Seeded Item 44 is 1.5 ft east of last line surveyed

Prepared by: NAEVA Geophysics, Inc.
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Position Description Depth
0 Stake & Fiducial
2 CS/Smoke 12"
8 14-5.56mm Rifle Cartridges 4"

11.5 20mm HE Projectile 4"
14.5 5.56mm Rifle Cartridge 1"
19 7.62mm Rifle Cartridge 1"
22 20mm Projectile 2"

27.75 20mm Projectile 6"
31.25 4-5.56mm Rifle Cartridges 4"
34.5 Stake & Fiducial
35.25 20mm Projectile 3"

39 30 cal Cartridge 2"
43 3-5.56mm Rifle Cartridges 2"
48 3-7.62mm Rifle Cartridges 2"

52.25 20mm Projectile 12"
60 20mm TP Projectile 8"
67 CS/Smoke 10"
70 Stake & Fiducial

CH2M HILL

Red and Blue Beach 
Vieques, Puerto Rico

December 2002

Test Line Seeded Items
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December 5, 2002 - Daily Static Test
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December 6, 2002 - Daily Static Test
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December 9, 2002 - Daily Static Test
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December 12, 2002 - Daily Static Test
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December 16, 2002 - Daily Static Test
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Appendix C





Targets Target ID Easting (ft) Northing (ft) Grid Value (mV)
1 PO-1 38.25 14.25 1534.23
2 PO-2 30.00 22.50 329.77
3 PO-3 24.00 0.00 230.81
4 PO-4 45.00 97.50 218.17
5 PO-5 3.00 99.75 161.15
6 PO-6 12.75 95.25 161.09
7 PO-7 3.00 60.75 156.26
8 PO-8 45.75 68.25 142.71
9 PO-9 3.75 38.25 134.20

10 PO-10 4.50 77.25 126.92
11 PO-11 16.50 35.25 119.94
12 PO-12 21.00 58.50 109.73
13 PO-13 12.75 23.25 99.33
14 PO-14 21.00 19.76 82.50
15 PO-15 35.50 62.25 76.72
16 PO-16 35.24 72.28 75.20
17 PO-17 36.00 3.00 63.59
18 PO-18 13.50 64.50 58.04
19 PO-19 30.75 38.25 56.55
20 PO-20 31.75 82.50 36.70
21 PO-21 23.25 74.25 36.30
22 PO-22 6.78 26.80 33.91
23 PO-23 51.00 44.25 32.22
24 PO-24 30.00 95.25 29.16
25 PO-25 39.00 25.50 26.25
26 PO-26 6.00 67.50 24.74
27 PO-27 48.00 3.00 23.24
28 PO-28 48.00 33.00 20.62
29 PO-29 12.00 86.25 20.25
30 PO-30 31.81 53.28 19.85
31 PO-31 9.00 16.50 19.50
32 PO-32 45.00 12.30 19.50
33 PO-33 36.00 45.52 18.75
34 PO-34 0.00 58.93 18.37
35 PO-35 12.00 75.75 18.34
36 PO-36 39.75 7.20 17.25
37 PO-37 42.00 50.00 17.25
38 PO-38 47.25 83.25 16.87
39 PO-39 36.00 31.50 16.87
40 PO-40 39.00 51.75 16.50
41 PO-41 51.00 38.25 14.25
42 PO-42 44.50 7.00 14.25
43 PO-43 45.00 81.75 13.87
44 PO-44 30.00 8.73 13.50

Date of Survey:  December 18, 2002

Target Pick Table (EM-61)

CH2M HILL
Post Survey Prove Out

Red Beach and Blue Beach
Vieques, Puerto Rico

Prepared by: NAEVA Geophysics, Inc.
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Targets Target ID Easting (ft) Northing (ft) Grid Value (mV)

Date of Survey:  December 18, 2002

Target Pick Table (EM-61)

CH2M HILL
Post Survey Prove Out

Red Beach and Blue Beach
Vieques, Puerto Rico

45 PO-45 18.00 80.08 13.50
46 PO-46 41.50 88.75 13.08
47 PO-47 48.00 9.00 12.75
48 PO-48 39.00 33.00 12.55
49 PO-49 51.00 92.62 12.00
50 PO-50 51.00 19.00 11.62
51 PO-51 6.00 3.75 11.62
52 PO-52 6.00 6.00 11.22
53 PO-53 17.26 5.61 11.09
54 PO-54 30.00 63.71 10.50
55 PO-55 30.00 78.00 9.72
56 PO-56 45.00 85.23 9.37
57 PO-57 2.50 90.00 9.37
58 PO-58 9.00 19.14 9.00
59 PO-59 0.00 79.23 7.50
60 PO-60 6.00 42.97 7.50
61 PO-61 21.25 92.25 7.46
62 PO-62 3.00 44.25 6.75
63 PO-63 18.00 40.50 6.71
64 PO-64 42.00 85.50 6.36
65 PO-65 42.00 28.41 6.00
66 PO-66 10.51 47.63 5.69
67 PO-67 48.00 87.00 5.25
68 PO-68 24.00 49.50 5.25
69 PO-69 24.00 91.50 5.20
70 PO-70 32.75 91.54 5.06
71 PO-71 36.00 58.50 4.86
72 PO-72 21.00 48.75 4.86
73 PO-73 45.00 89.39 4.50
74 PO-74 27.00 17.34 4.50
75 PO-75 21.00 39.75 4.11
76 PO-76 24.00 28.50 4.11

Prepared by: NAEVA Geophysics, Inc.
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Seeded ID Nomenclature X (ft) Y (ft) Depth Orientation Direction NAEVA 
Target ID x (ft) y (ft) Grid Value 

(mV) Offset

1 5"/54 Illumination Round 5.00 6.00 48" Horizontal NW-SE 52 6.00 6.00 11.22 1.00
2 Mech Time Fuze (projo) 10.25 17.25 4" N/A N/A 31 9.00 16.50 19.50 1.46
3 5"/54 Illumination Round 7.50 28.50 36" 45° Nose Down 22 6.78 26.80 33.91 1.85
4 5" ZUNI Rocket Fin Assembly 13.50 24.25 6" H E-W 13 12.75 23.25 99.33 1.25
5 MK 230 Bomb Tail fuze 3.50 38.00 14" H N-S 9 3.75 38.25 134.20 0.35
6 MK 230 Bomb Tail fuze 16.50 35.75 16" H N-S 11 16.50 35.25 119.94 0.50
7 5"/54 Illumination Round 11.00 47.75 48" H NW-SE 66 10.51 47.63 5.69 0.51
8 20 MM HE (UNFUZED) 22.75 48.50 3" V N/A 68 24.00 49.50 5.25 1.60
9 MK 230 Bomb Tail fuze 21.00 58.75 14" V N/A 12 21.00 58.50 109.73 0.25
10 MK 230 Bomb Tail fuze 4.00 60.50 10" H N/A 7 3.00 60.75 156.26 1.03
11 5"/54 Illumination Round 14.25 64.25 25" 45° Nose Down 18 13.50 64.50 58.04 0.79
12 40 MM CTG (Aluminum) 6.00 67.50 2" H N - S 26 6.00 67.50 24.74 0.00
13 20 MM HE (UNFUZED) 1.00 67.25 2" H N/A
14 3" Projectile HE (UNFUZED) 4.50 77.50 18" H E - W 10 4.50 77.25 126.92 0.25
15 20 MM HE (UNFUZED) 12.25 76.00 3" H N/A 35 12.00 75.75 18.34 0.35
16 20 MM HE (SIMULATOR) 18.00 80.75 4" H N/A 45 18.00 80.08 13.50 0.67
17 5"/54 Illumination Round 12.25 87.50 30" V Nose Down 29 12.00 86.25 20.25 1.27
18 3" Projectile HE (UNFUZED) 2.25 89.75 34" 45° Nose Down 57 2.50 90.00 9.37 0.35
19 5" ZUNI Rocket Fin Assembly 2.25 99.50 10" H E - W 5 3.00 99.75 161.15 0.79
20 3" CTG Case (Aluminum) 13.25 96.50 6" H N/A 6 12.75 95.25 161.09 1.35
21 20 MM HE (UNFUZED) 21.75 92.00 2" H N/A 61 21.25 92.25 7.46 0.56
22 5"/54 Illumination Round 30.00 95.50 34" H NE-SW 24 30.00 95.25 29.16 0.25
23 3" CTG Case (Aluminum) 32.75 82.00 6" V N/A 20 31.75 82.50 36.70 1.12
24 3" Projectile HE (UNFUZED) 22.50 74.25 24" H E - W 21 23.25 74.25 36.30 0.75
25 20 MM HE (UNFUZED) 29.00 64.25 4" H N/A 54 30.00 63.71 10.50 1.14
26 81 MM Tail Boom  Assy 35.50 62.00 7" H N/A 15 35.50 62.25 76.72 0.25
27 5"/54 Illumination Round 31.00 53.00 38" H N - S 30 31.81 53.28 19.85 0.85
28 3" Projectile HE (UNFUZED) 30.00 39.75 16" H E - W 19 30.75 38.25 56.55 1.68
29 JATO bottle 21.50 20.25 44" H N - S 14 21.00 19.76 82.50 0.70
30 5"/54 Illumination Round 17.75 5.50 42" H N - S 53 17.26 5.61 11.09 0.50
31 3" Projectile HE (UNFUZED) 24.00 0.75 5" H N - S 3 24.00 0.00 230.81 0.75
32 5"/54 Illumination Round 30.25 8.75 38" H E - W 44 30.00 8.73 13.50 0.25

Target Comparison Table (EM-61)

CH2M HILL
Post Survey Prove Out

Red Beach and Blue Beach
Vieques, Puerto Rico

Prepared by: NAEVA Geophysics, Inc.
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Seeded ID Nomenclature X (ft) Y (ft) Depth Orientation Direction NAEVA 
Target ID x (ft) y (ft) Grid Value 

(mV) Offset

Target Comparison Table (EM-61)

CH2M HILL
Post Survey Prove Out

Red Beach and Blue Beach
Vieques, Puerto Rico

33 MK7 Igniter WP 35.50 3.00 5" N/A N/A 17 36.00 3.00 63.59 0.50
34 20 MM Ammo Can Lid 38.00 14.00 2" H N - S 1 38.25 14.25 1534.23 0.35
35 3" Projectile HE (UNFUZED) 30.75 22.75 5" H N - S 2 30.00 22.50 329.77 0.79
36 5"/54 Illumination Round 38.25 26.00 32" H N - S 25 39.00 25.50 26.25 0.90
37 20 MM HE (UNFUZED) 36.00 45.00 4" N/A N/A 33 36.00 45.52 18.75 0.52
38 2.75" Rocket Motor 40.75 50.50 30" H N - S 37 42.00 50.00 17.25 1.35
39 MK 230 Bomb Tail fuze 45.50 68.00 4" H N - S 8 45.75 68.25 142.71 0.35
40 5" ZUNI Rocket Fin Assembly 35.75 72.75 14" H E-W 16 35.24 72.28 75.20 0.70
41 M344 Bomb Nose Fuze 46.00 82.50 5" N/A N/A 43 45.00 81.75 13.87 1.25
42 5"/54 Illumination Round 45.00 87.50 40" H NE -SW 73 45.00 89.39 4.50 1.89
43 MK 230 Bomb Tail fuze 44.50 99.25 10" H E - W 4 45.00 97.50 218.17 1.82
44 20 MM HE (UNFUZED) 49.50 85.75 3" V N/A 67 48.00 87.00 5.25 1.95
45 81 MM Tail Boom  Assy 50.50 45.00 8" 45° Nose Down 23 51.00 44.25 32.22 0.90
46 3" Projectile HE (UNFUZED) 48.00 33.25 26" V Nose Down 28 48.00 33.00 20.62 0.25
47 M84 Fuze Time (Nose) 50.50 19.75 4" N/A N/A 50 51.00 19.00 11.62 0.90
48 5" HVAR Rocket Motor 44.00 6.50 48" h E - W 42 44.50 7.00 14.25 0.71

Prepared by: NAEVA Geophysics, Inc.
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Appendix D





Targets Target ID Easting-UTM      
(m)

Northing-UTM 
(m) Grid Value (mV)

1 R03-1 244192.4112 2003758.9530 43.81
2 R03-2 244217.4720 2003770.7777 42.19
3 R03-3 244229.1000 2003763.9000 32.21
4 R03-4 244238.3878 2003776.9626 5.50
5 R03-5 244220.7601 2003777.6850 5.44
6 R03-6 244213.8000 2003766.3000 5.20
7 R03-7 244241.2128 2003779.4948 4.37
8 R03-8 244241.2987 2003778.2958 4.15
9 R03-9 244226.1000 2003769.6000 4.06

10 R03-10 244194.7199 2003754.2879 3.76
11 R03-11 244219.8555 2003776.4166 3.50
12 R03-12 244189.8000 2003753.7000 3.35
13 R03-13 244182.9439 2003748.2397 3.25
14 R03-14 244233.3437 2003780.5150 3.25
15 R03-15 244229.4000 2003782.2000 3.25
16 R03-16 244241.0393 2003784.6741 3.05

Date of Survey: Decmber 9, 2002

Target Pick Table (EM-61)

CH2M Hill
Grid R03

Red Beach
Vieques, Puerto Rico

Prepared by: NAEVA Geophysics, Inc.
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Targets Target ID Easting-UTM      
(m)

Northing-UTM 
(m) Grid Value (mV)

1 R10-1 244722.9000 2003860.5000 6546.26
2 R10-2 244693.8000 2003889.3000 1707.61
3 R10-3 244674.6000 2003894.1000 488.87
4 R10-4 244693.2000 2003858.4000 378.32
5 R10-5 244733.0988 2003833.9206 351.27
6 R10-6 244678.4518 2003910.3128 171.45
7 R10-7 244674.9000 2003902.2000 140.83
8 R10-8 244731.0025 2003820.0750 128.31
9 R10-9 244726.9038 2003829.4463 117.76

10 R10-10 244729.2923 2003826.8201 117.35
11 R10-11 244694.8875 2003871.3569 86.38
12 R10-12 244716.8512 2003843.6790 79.92
13 R10-13 244691.7000 2003895.9000 79.54
14 R10-14 244732.0077 2003829.4422 70.58
15 R10-15 244728.9000 2003835.0000 66.46
16 R10-16 244688.4000 2003890.2000 61.14
17 R10-17 244679.5503 2003907.0007 60.73
18 R10-18 244673.1078 2003881.2386 58.90
19 R10-19 244721.5387 2003823.6954 58.17
20 R10-20 244725.6000 2003868.3000 54.36
21 R10-21 244724.1761 2003864.7658 49.78
22 R10-22 244676.7000 2003912.1000 48.51
23 R10-23 244719.9000 2003846.4000 47.81
24 R10-24 244725.4589 2003823.3646 47.00
25 R10-25 244679.6003 2003864.0108 45.69
26 R10-26 244685.3943 2003894.6748 42.90
27 R10-27 244683.2315 2003907.3069 41.53
28 R10-28 244717.2000 2003861.1000 40.06
29 R10-29 244712.7553 2003873.1644 39.04
30 R10-30 244725.3000 2003864.1000 37.70
31 R10-31 244707.3000 2003874.3000 36.98
32 R10-32 244706.1000 2003877.6000 33.58
33 R10-33 244710.6000 2003862.9000 33.47
34 R10-34 244721.4000 2003843.4000 33.41
35 R10-35 244705.5000 2003886.3000 32.21
36 R10-36 244678.8000 2003868.3000 28.57
37 R10-37 244719.0000 2003873.1000 28.08
38 R10-38 244681.5000 2003891.1000 27.86
39 R10-39 244709.6978 2003863.5495 27.76
40 R10-40 244724.7000 2003821.5000 27.43
41 R10-41 244673.4000 2003871.3000 26.12
42 R10-42 244723.0410 2003821.7060 25.36
43 R10-43 244719.6000 2003859.0000 23.40

Date of Survey: December 5 & 6, 2002

Target Pick Table (EM-61)

CH2M Hill
Grid R10

Red Beach
Vieques, Puerto Rico

Prepared by: NAEVA Geophysics, Inc.
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Targets Target ID Easting-UTM      
(m)

Northing-UTM 
(m) Grid Value (mV)

Date of Survey: December 5 & 6, 2002

Target Pick Table (EM-61)

CH2M Hill
Grid R10

Red Beach
Vieques, Puerto Rico

44 R10-44 244725.9000 2003821.8000 23.20
45 R10-45 244732.7717 2003826.1290 23.18
46 R10-46 244731.4743 2003832.4595 22.88
47 R10-47 244675.1225 2003884.2375 22.62
48 R10-48 244705.2000 2003877.6000 22.31
49 R10-49 244689.6000 2003903.1000 21.70
50 R10-50 244674.3000 2003887.5000 21.09
51 R10-51 244684.8000 2003888.7000 19.89
52 R10-52 244700.4000 2003886.6000 19.49
53 R10-53 244685.1000 2003883.6000 18.27
54 R10-54 244723.8000 2003868.9000 17.97
55 R10-55 244681.2000 2003887.5000 17.00
56 R10-56 244678.2000 2003892.0000 16.98
57 R10-57 244678.5000 2003871.3000 16.20
58 R10-58 244687.8509 2003856.2756 16.07
59 R10-59 244696.4296 2003858.4163 15.35
60 R10-60 244713.6756 2003875.8364 14.98
61 R10-61 244674.3553 2003867.6599 14.18
62 R10-62 244689.2759 2003856.4705 14.13
63 R10-63 244704.3317 2003873.0866 14.11
64 R10-64 244721.6697 2003871.0964 13.59
65 R10-65 244725.6000 2003860.8000 13.47
66 R10-66 244724.7807 2003820.0474 13.44
67 R10-67 244710.9068 2003869.8247 13.26
68 R10-68 244682.2128 2003865.2355 13.24
69 R10-69 244710.9000 2003876.4000 12.42
70 R10-70 244714.9225 2003876.3095 11.01
71 R10-71 244705.3956 2003880.6776 10.51
72 R10-72 244717.2000 2003855.1000 9.82
73 R10-73 244720.5000 2003874.0000 9.51
74 R10-74 244712.1748 2003867.4473 9.42
75 R10-75 244691.1000 2003887.5000 9.07
76 R10-76 244677.3000 2003893.2000 9.01
77 R10-77 244709.7000 2003859.9000 8.89
78 R10-78 244728.9209 2003852.2995 8.84
79 R10-79 244705.5143 2003882.3197 7.37
80 R10-80 244727.8252 2003848.2949 7.22
81 R10-81 244714.9466 2003861.2826 7.19
82 R10-82 244727.4000 2003847.0000 6.94
83 R10-83 244728.7145 2003853.3224 6.27
84 R10-84 244710.6000 2003878.2000 5.99
85 R10-85 244688.7000 2003892.9000 5.54
86 R10-86 244683.6000 2003868.0000 5.49

Prepared by: NAEVA Geophysics, Inc.
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Targets Target ID Easting-UTM      
(m)

Northing-UTM 
(m) Grid Value (mV)

Date of Survey: December 5 & 6, 2002

Target Pick Table (EM-61)

CH2M Hill
Grid R10

Red Beach
Vieques, Puerto Rico

87 R10-87 244729.2000 2003850.9000 5.47
88 R10-88 244693.8000 2003876.4000 5.29
89 R10-89 244700.7000 2003863.5000 5.22
90 R10-90 244718.7000 2003869.8000 5.08
91 R10-91 244711.5000 2003874.6000 5.04
92 R10-92 244704.3000 2003867.7000 4.98
93 R10-93 244679.1303 2003892.3925 4.68
94 R10-94 244686.9000 2003880.3000 4.68
95 R10-95 244719.8710 2003870.5711 4.53
96 R10-96 244731.3388 2003849.5074 4.40
97 R10-97 244707.3000 2003870.7000 4.38
98 R10-98 244698.6000 2003871.0000 4.30
99 R10-99 244711.4376 2003857.6612 4.16
100 R10-100 244695.6000 2003855.1000 4.13
101 R10-101 244686.7303 2003901.3825 4.13
102 R10-102 244707.0000 2003880.6000 4.08
103 R10-103 244689.9000 2003886.0000 4.06
104 R10-104 244702.5000 2003880.9000 4.05
105 R10-105 244688.7490 2003900.4362 3.99
106 R10-106 244725.6359 2003831.1050 3.94
107 R10-107 244672.5734 2003878.7893 3.92
108 R10-108 244706.7000 2003867.1000 3.89
109 R10-109 244725.3000 2003856.9000 3.86
110 R10-110 244711.2000 2003848.5000 3.84
111 R10-111 244687.8000 2003893.2000 3.81
112 R10-112 244706.1000 2003863.8000 3.76
113 R10-113 244709.4000 2003848.8000 3.74
114 R10-114 244710.5535 2003873.1695 3.70
115 R10-115 244672.8700 2003893.1731 3.70
116 R10-116 244724.7000 2003831.1000 3.62
117 R10-117 244692.8090 2003868.9925 3.57
118 R10-118 244723.2205 2003837.4314 3.54
119 R10-119 244704.6266 2003874.6899 3.53
120 R10-120 244712.7553 2003863.1725 3.47
121 R10-121 244726.8153 2003831.7684 3.42
122 R10-122 244673.1000 2003906.4000 3.42
123 R10-123 244682.4000 2003868.6000 3.38
124 R10-124 244718.7679 2003837.0720 3.36
125 R10-125 244717.5000 2003874.0000 3.22
126 R10-126 244699.5000 2003850.3000 3.20
127 R10-127 244685.7000 2003880.0000 3.20
128 R10-128 244680.6000 2003872.5000 3.13
129 R10-129 244690.2000 2003850.6000 3.12

Prepared by: NAEVA Geophysics, Inc.
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Targets Target ID Easting-UTM      
(m)

Northing-UTM 
(m) Grid Value (mV)

Date of Survey: December 5 & 6, 2002

Target Pick Table (EM-61)

CH2M Hill
Grid R10

Red Beach
Vieques, Puerto Rico

130 R10-130 244731.3000 2003855.7000 3.12
131 R10-131 244703.1415 2003866.7897 3.05
132 R10-132 244689.9000 2003881.5000 3.03

Prepared by: NAEVA Geophysics, Inc.
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Targets Target ID Easting-UTM      
(m)

Northing-UTM 
(m) Grid Value (mV)

1 B4-1 247135.2289 2004331.5000 387.50
2 B4-2 247116.8946 2004328.8000 198.94
3 B4-3 247105.2121 2004332.7000 183.11
4 B4-4 247114.5469 2004336.3000 115.93
5 B4-5 247107.0008 2004331.5000 60.59
6 B4-6 247103.7588 2004349.8000 56.49
7 B4-7 247116.3915 2004333.3000 45.92
8 B4-8 247125.6146 2004333.4500 35.88
9 B4-9 247112.5346 2004343.2000 30.06

10 B4-10 247123.5464 2004332.7000 29.06
11 B4-11 247111.8080 2004340.8000 18.35
12 B4-12 247112.4229 2004337.0500 17.42
13 B4-13 247116.8946 2004343.6500 16.24
14 B4-14 247128.8007 2004332.1000 15.99
15 B4-15 247101.0757 2004332.8500 15.66
16 B4-16 247146.0170 2004335.1000 8.34
17 B4-17 247133.1048 2004337.2000 4.89
18 B4-18 247145.5698 2004333.9000 4.71
19 B4-19 247102.0819 2004336.7500 3.82
20 B4-20 247098.7281 2004362.1000 3.71
21 B4-21 247112.0875 2004345.1500 3.54
22 B4-22 247126.5089 2004338.1000 3.44
23 B4-23 247117.1752 2004322.2000 3.00

Date of Survey:  December 12, 2002

Target Pick Table (EM-61)

CH2M HILL
Grid B04

Blue Beach
Vieques, Puerto Rico

Prepared by: NAEVA Geophysics, Inc.
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Targets Target ID Easting-UTM      
(m)

Northing-UTM 
(m) Grid Value (mV)

1 B7-1 247285.0809 2004372.9376 2383.13
2 B7-2 247289.0481 2004336.3720 50.75
3 B7-3 247285.5000 2004368.1000 42.04
4 B7-4 247302.4986 2004326.2300 18.62
5 B7-5 247308.6461 2004334.1968 15.08
6 B7-6 247343.7557 2004343.1898 14.33
7 B7-7 247296.9000 2004329.1000 11.36
8 B7-8 247285.0937 2004364.6810 10.91
9 B7-9 247306.2605 2004341.6623 9.92

10 B7-10 247339.8931 2004329.9868 9.44
11 B7-11 247286.5537 2004356.9264 8.39
12 B7-12 247304.1395 2004338.4565 7.27
13 B7-13 247299.3000 2004342.9000 7.22
14 B7-14 247286.1000 2004356.1000 6.61
15 B7-15 247313.5527 2004321.5958 6.27
16 B7-16 247291.0741 2004343.5672 6.01
17 B7-17 247313.4000 2004322.5000 5.90
18 B7-18 247285.4653 2004374.9439 5.50
19 B7-19 247306.5690 2004338.3722 5.21
20 B7-20 247285.4745 2004378.1435 4.74
21 B7-21 247286.3581 2004351.0154 4.65
22 B7-22 247307.4560 2004342.9277 4.30
23 B7-23 247288.6873 2004340.2168 4.16
24 B7-24 247284.0509 2004357.7972 3.64
25 B7-25 247325.4949 2004339.7892 3.36
26 B7-26 247324.2000 2004334.2000 3.35
27 B7-27 247340.1065 2004332.4749 3.00

Date of Survey:  December 12, 2002

Target Pick Table (EM-61)

CH2M HILL
Grid B07

Blue Beach
Vieques, Puerto Rico

Prepared by: NAEVA Geophysics, Inc.
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Targets Target ID Easting-UTM      
(m)

Northing-UTM 
(m) Grid Value (mV)

1 B16-1 247832.6749 2004289.5508 134.32
2 B16-2 247874.4000 2004304.8000 102.62
3 B16-3 247873.9516 2004299.6492 67.53
4 B16-4 247870.5375 2004297.0440 7.61
5 B16-5 247835.4274 2004289.7493 6.53
6 B16-6 247863.3386 2004299.6244 5.38

Date of Survey:  December 16, 2002

Target Pick Table (EM-61)

CH2M HILL
Grid B16

Blue Beach
Vieques, Puerto Rico

Prepared by: NAEVA Geophysics, Inc.

Page 1 of 1



Appendix E



EM-61 Data Collection With Linked GPS





Utilizing GPS to Set Corner Stakes



Red Beach GPS Base Station



Red Beach West, View to the West from Grid R4



Red Beach East, View to the West from Grid R10



Blue Beach West, View to the West from Grid B9



Blue Beach West, View to the East from Grid B13



Appendix F



East North Longitude Latitude
1 246109.97 2004118.07 -65.23.57.240 18.06.39.558 Red Beach GPS Base Station
2 246788.81 2003780.10 -65.23.34.012 18.06.28.858 Blue Beach GPS Base Station
3 244119.70 2003693.98 -65.25.04.715 18.06.24.924 Red Beach West Grid Stake 3
4 244119.54 2003706.69 -65.25.04.725 18.06.25.338 Red Beach West Grid Stake 4
5 244181.18 2003734.43 -65.25.02.642 18.06.26.266 Red Beach West Grid Stake 5
6 244180.36 2003744.83 -65.25.02.675 18.06.26.604 Red Beach West Grid Stake 6
7 244241.94 2003763.71 -65.25.00.590 18.06.27.244 Red Beach West Grid Stake 7
8 244241.39 2003773.20 -65.25.00.613 18.06.27.552 Red Beach West Grid Stake 8
9 244303.28 2003826.69 -65.24.58.533 18.06.29.317 Red Beach West Grid Stake 9
10 244301.64 2003835.68 -65.24.58.592 18.06.29.609 Red Beach West Grid Stake 10
11 244491.12 2003860.31 -65.24.52.161 18.06.30.490 Red Beach East Grid Stake 15
12 244489.76 2003892.11 -65.24.52.222 18.06.31.523 Red Beach East Grid Stake 16
13 244550.69 2003866.04 -65.24.50.139 18.06.30.702 Red Beach East Grid Stake 17
14 244552.00 2003890.29 -65.24.50.105 18.06.31.491 Red Beach East Grid Stake 18
15 244612.03 2003861.38 -65.24.48.052 18.06.30.576 Red Beach East Grid Stake 19
16 244615.19 2003934.98 -65.24.47.977 18.06.32.970 Red Beach East Grid Stake 20
17 244671.85 2003849.41 -65.24.46.013 18.06.30.213 Red Beach East Grid Stake 21
18 244673.20 2003915.88 -65.24.45.996 18.06.32.374 Red Beach East Grid Stake 22
19 244734.54 2003812.76 -65.24.43.865 18.06.29.048 Red Beach East Grid Stake 23
20 244732.88 2003838.00 -65.24.43.932 18.06.29.868 Red Beach East Grid Stake 24
21 246980.68 2004272.06 -65.23.27.705 18.06.44.932 Blue Beach West Grid Stake 30
22 246979.00 2004271.44 -65.23.27.762 18.06.44.911 Blue Beach West Grid Stake 30
23 246978.81 2004289.65 -65.23.27.777 18.06.45.503 Blue Beach West Grid Stake 31
24 247040.20 2004295.63 -65.23.25.692 18.06.45.723 Blue Beach West Grid Stake 32
25 247055.44 2004315.25 -65.23.25.182 18.06.46.368 Blue Beach West Grid Stake 33
26 247101.08 2004308.46 -65.23.23.628 18.06.46.166 Blue Beach West Grid Stake 34
27 247100.94 2004330.07 -65.23.23.642 18.06.46.869 Blue Beach West Grid Stake 35
28 247161.76 2004317.35 -65.23.21.569 18.06.46.481 Blue Beach West Grid Stake 36
29 247161.81 2004335.55 -65.23.21.575 18.06.47.072 Blue Beach West Grid Stake 37
30 247222.88 2004320.92 -65.23.19.492 18.06.46.622 Blue Beach West Grid Stake 38
31 247222.51 2004339.81 -65.23.19.513 18.06.47.237 Blue Beach West Grid Stake 39
32 247283.67 2004321.13 -65.23.17.426 18.06.46.655 Blue Beach West Grid Stake 40
33 247283.48 2004340.95 -65.23.17.441 18.06.47.299 Blue Beach West Grid Stake 41
34 247344.50 2004320.51 -65.23.15.357 18.06.46.661 Blue Beach West Grid Stake 42
35 247344.50 2004340.22 -65.23.15.366 18.06.47.301 Blue Beach West Grid Stake 43
36 247405.85 2004317.06 -65.23.13.270 18.06.46.574 Blue Beach West Grid Stake 44
37 247405.58 2004338.35 -65.23.13.289 18.06.47.266 Blue Beach West Grid Stake 45
38 247466.70 2004305.97 -65.23.11.196 18.06.46.239 Blue Beach West Grid Stake 46
39 247466.35 2004324.58 -65.23.11.217 18.06.46.844 Blue Beach West Grid Stake 47
40 247527.51 2004287.54 -65.23.09.121 18.06.45.666 Blue Beach West Grid Stake 48
41 247527.26 2004300.34 -65.23.09.135 18.06.46.082 Blue Beach West Grid Stake 49
42 247588.52 2004261.08 -65.23.07.035 18.06.44.831 Blue Beach West Grid Stake 50

CH2M HILL
GPS Survey Table

Red and Blue Beach
Vieques, Puerto Rico

Dates of Survey: December 2002

Grid Corner Markers and Additional Survey Points

ID
NAD83/UTM zone 20N WGS84/World

Description(metres) (dd.mm.ss.ss)

Prepared by  NAEVA Geophysics, Inc. 
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East North Longitude Latitude

CH2M HILL
GPS Survey Table

Red and Blue Beach
Vieques, Puerto Rico

Dates of Survey: December 2002

Grid Corner Markers and Additional Survey Points

ID
NAD83/UTM zone 20N WGS84/World

Description(metres) (dd.mm.ss.ss)

43 247588.46 2004273.97 -65.23.07.043 18.06.45.250 Blue Beach West Grid Stake 51
44 247649.42 2004234.51 -65.23.04.953 18.06.43.993 Blue Beach West Grid Stake 52
45 247649.34 2004249.13 -65.23.04.962 18.06.44.468 Blue Beach West Grid Stake 53
46 247710.33 2004222.74 -65.23.02.877 18.06.43.636 Blue Beach West Grid Stake 54
47 247710.35 2004239.66 -65.23.02.883 18.06.44.186 Blue Beach West Grid Stake 55
48 247771.17 2004248.88 -65.23.00.820 18.06.44.511 Blue Beach West Grid Stake 56
49 247771.56 2004260.90 -65.23.00.812 18.06.44.902 Blue Beach West Grid Stake 57
50 247832.13 2004276.37 -65.22.58.759 18.06.45.431 Blue Beach West Grid Stake 58
51 247832.29 2004286.93 -65.22.58.758 18.06.45.774 Blue Beach West Grid Stake 59
52 247893.19 2004295.85 -65.22.56.692 18.06.46.090 Blue Beach West Grid Stake 60
53 247893.50 2004305.14 -65.22.56.686 18.06.46.392 Blue Beach West Grid Stake 61
54 247954.38 2004306.73 -65.22.54.616 18.06.46.469 Blue Beach West Grid Stake 62
55 247954.30 2004310.32 -65.22.54.621 18.06.46.586 Blue Beach West Grid Stake 63
56 244626.40 2003880.22 -65.24.47.571 18.06.31.195 Test Line Marker N 
57 244636.59 2003877.27 -65.24.47.224 18.06.31.104 Test Line Marker NE
58 244615.82 2003882.79 -65.24.47.932 18.06.31.274 Test Line Marker NW
59 244623.69 2003878.75 -65.24.47.663 18.06.31.146 Test Line Marker S 
60 244626.08 2003878.56 -65.24.47.581 18.06.31.141 Test Line Marker S 
61 244633.42 2003874.45 -65.24.47.330 18.06.31.011 Test Line Marker SE
62 244636.21 2003875.66 -65.24.47.236 18.06.31.051 Test Line Marker SE
63 244615.46 2003881.20 -65.24.47.944 18.06.31.222 Test Line Marker SW

Prepared by  NAEVA Geophysics, Inc. 
Page 2 of 2
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D R A F T  T E C H N I C A L  M E M O R A N D U M  

Addendum to Report for Red and Blue Beach
Investigation
PREPARED FOR: Chris Penny/LANTDIV, EPA, EQB, and DOI
PREPARED BY: CH2M HILL 

DATE: May 21, 2003

Introduction

On April 25, 2002, a conference call was held by representatives of the U.S. Navy (the Navy),
and the U.S. Environmental Protection Agency (EPA) to discuss additional efforts that
would provide data on the anomalies identified below the first foot of the existing beach
surface within the areas previously surveyed during the initial MEC characterization
investigation at Red and Blue Beaches in Vieques, Puerto Rico.  The results of the initial
investigation are included in the report entitled, “The Final Draft, Preliminary Munitions
and Explosives of Concern (MEC) Investigation Report for Red and Blue Beaches, Vieques
Naval Training Range Vieques Island, Puerto Rico” (U.S. Naval Facilities Engineering
Command, April 2003). The report concluded that none of the 767 metallic anomalies that
were reacquired to a depth of one foot at the beaches posed an unacceptable explosive
safety hazard. A total of 23 of the metallic anomalies were found to be munitions-related
items including primarily small arms expended blank cartridges and parts of expended
smoke grenades. The locations of the items are shown in the Figures included as
Attachment A. The investigation also identified 239 metallic anomalies below a depth of one
foot that were not recovered. The discussions on the April 25th conference call were
primarily focused on two issues:  

• Developing and agreeing upon an effective quality assurance sampling effort that
would provide a higher level of comfort in understanding the characterization of
anomalies detected in the subsurface between the depths of one foot below surface
grade and four feet below surface grade.

• Conducting a visual underwater survey along Red and Blue Beach to a depth
between four and five feet below water surface.

Based on these discussions, the agencies agreed that an unbiased statistical based random
sampling plan to acquire and identify anomalies detected below one foot and no greater
than four foot would serve as a reasonable means to provide additional information about
the representation of the anomalies detected below one foot and to a depth of four feet
below surface.  It was agreed upon that a random selection constituting 30% of the 239
metallic anomalies previously detected below one foot would be reacquired for
identification and verification by the agencies (EPA, Navy, EQB, and DOI) involved in this
additional effort and for further evaluation of explosive safety and hazard risks if
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warranted.  The anomalies selected for removal were to be randomly selected.  In addition,
the agencies agreed that a visual underwater survey by qualified EOD personnel would be
conducted to a depth between four and five below water surface to determine if any
exposed metallic materials were present at the sea bottom along Red and Blue beaches.

On April 27-29,2003, the Navy and CH2M HILL performed a field investigation to
supplement the investigation described in the work plan entitled, “Final Initial Ordnance
and Site Assessment Work Plan For Red Beach and Blue Beach “(CH2M HILL, November,
2002). The investigations were field verified by the agencies (EPA, EQB, and DOI).  The
additional field investigation was based on the discussions held on April 25, 2003 between
the Navy and EPA. The purpose of this technical memorandum is to document the scope of
the work completed and briefly describe the results of the additional field investigation.
Unless otherwise documented in this memorandum, the field investigation procedures were
completed in accordance with the work plan.

Scope of Work

For this additional investigation, a total of 30% of the geophysical anomalies that were
mapped at Red Beach and Blue Beach during the initial investigation in November and
December 2002 that were each described as “no find anomaly continues below 12 inches”
were investigated to a maximum depth of 4 feet. Based on the total of 239 anomalies that
met this description, a total of 72 anomalies were reacquired and investigated during April
27-29, 2003. The 72 anomalies were selected using a random number generator. 

A Global Positioning System (GPS) base station was set up at Red Beach and the 72 locations
were reacquired and mapped in the field with pin flags. The exact position of the anomaly
was established using a Minex all metals detector. The locations were excavated until the
source of the anomaly was found, or until a maximum depth of 4 feet was encountered. The
information recorded from the field investigation included: grid number, anomaly number,
horizontal GPS coordinates (easting and northing), peak anomaly reading, date found, and
a description of the metallic items recovered. A summary of this information is provided in
Attachment B.

In addition to the reacquisition of the 72 anomalies below a depth of 12 inches, a visual
underwater survey was conducted by the Navy EOD Team along the length of Red Beach
and Blue Beaches to a water depth of five feet. Four Navy divers spaced at arms-length
snorkeled along the entire length of the two beaches to observe if there are any exposed
metallic items that may be indicative of munitions and explosives of concern. The survey
also included walking along the shoreline to observe if there were any metallic material
within the surf zone. Any observed metallic items observed from the survey were to be
documented. 

Investigation Results
The results of the additional investigation at Blue and Red beaches confirmed the results of
the archive records search and the initial Blue Beach/Red Beach field investigation that only
blank munitions were used during amphibious training exercises at the beaches.
Photographs of the field investigation are included as Attachment C.
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The additional field investigation results revealed that 74 metallic materials were recovered
from the investigation at a depth of 1 to 4 feet. However, none of the 74 items recovered
from this additional investigation and none of the 767 items recovered from the initial
investigation were live ordnance items or posed an unacceptable explosive safety hazard. A
listing of the metallic items recovered from the additional investigation is included as
Attachment B.  The items included mostly scrap metal items including: fence posts, wire,
metal pipes, and metal rods. Only one of the metallic items recovered, a M12 practice anti-
tank mine, was munitions related. However, the practice mine was unfuzed, corroded and
did not contain any explosives. The location of the practice mine is shown in Attachment A,
Figure 3-5.

One of the items recovered from the investigation was a small glass vial containing a white
substance. The vial was sent to PEL Laboratories, Inc., for the chemical analysis of its
contents. Due to the small volume of material contained in the vial (less than 2 milliliters)
the analysis was limited to EPA analytical methods 8260 and 8270, which included a list of
over 120 constituents as well as library search of volatile and semi-volatile organic
compounds. The analyses revealed that the following constituents were detected: hexane;
cyclotetrasiloxane, octamethyl-; benzeneethanamine, N-(pentflourophe; acetic acid, 2-
ethylhexyl ester; and 2- butanamine. The analytical results are shown in Attachment C.
Based on the small volume of sample analyzed (less than 1.0 gram) the concentrations
detected may not be accurate. 

The results of the underwater survey revealed that there were no metallic items visible at
the sea-bottom for the entire length of Blue Beach and Red Beach, from the shoreline to a
depth of four- five feet.

Based on the results of the investigation representatives from the Navy, EPA, EQB, and DOI
concluded that Blue Beach and Red Beach could be opened to the public for recreational use.

Letter From EPA dated April 30, 2003
On April 30, 2003, a letter (Attachment D) was sent from Mr. Walter Mugdan, Director of
the Division of Environmental Planning and Protection to Mr. Sam Hamilton, Regional
Director of DOI which states that based on the results of the additional MEC investigation,
“EPA concurs with the Navy’s and DOI’s recommendations that Blue and Red beaches “can
be open for recreational usage.” However, EPA also stated that “ access restrictions should
be maintained for the land areas behind the beaches, pending implementation of additional
MEC investigations of those areas”.   

Meeting on May 1, 2003
On May 1, 2003, a meeting was held in Washington D.C. with representatives from the
Navy, EPA, EQB, DOI (the agencies) and CH2M HILL to discuss the findings from the
additional investigations completed at Red and Blue Beaches. An attendance list from the
meeting is included as Attachment E.  

The representatives from each of the agencies re-confirmed the conclusions from the field
representative from each of the agencies that Red and Blue Beaches are considered to be
reasonably safe from any explosive safety hazard and that no evidence suggests that the
beaches should not be re-opened for recreational use.
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The EQB, DOI, and Navy concluded that the “land areas behind the beaches” referenced in
the EPA letter dated 4/30/03 refers to the man-made berms behind Red Beach. At this
location, expended small arms blank cartridges were identified at the surface during a site
visit. The agencies agreed that due to the low explosive safety hazard associated with these
MEC items, and the relatively thick vegetative cover of the berms, the installation of signs in
front of the berms for visitors to stay away from the berms would be sufficient to limit
access to the berms. In addition, it was agreed that the berms would be included in the
prioritization of future investigations that will be developed based on the conclusions from
the Preliminary Range Assessment Report for Vieques Naval Training Range 

The EQB, DOI, and Navy agreed that the grassy areas between Red Beach and the berm to
the north would not require additional investigations due to a visual inspection of this area
did not identify any MEC-related items, 2) no intrusive activities are anticipated for this area
and 3) based on the historical use of the area, it is anticipated that the same type of metallic
materials would be encountered as encountered at the beach.

Summary

The results of the additional investigation completed at Blue Beach and Red Beach during
April 27-29,2003 recovered only one munitions-related item from 74 metallic items that were
identified from a depth of 1-4 feet.  The munitions-related item recovered, a practice mine,
was unfuzed, corroded, did not contain explosives and, therefore, did not pose an
unacceptable explosive safety hazard. Based on this information and the results of the initial
investigation at Blue Beach and Red Beach, the Navy, EPA, DOI and EQB concur that the
beaches can be open for recreation use by the public. 
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Attachment C- Site Photos
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Photo 1- Non-MEC Scrap Recovered at Red Beach

Photo 2 Shackle recovered at Blue Beach
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Photo 3- Practice mine recovered at Red Beach

Photo 4- Non MEC Scrap recovered at Blue Beach 
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Photo 5- EOD Team snorkeling at Blue Beach

Photo 6 Water seeping into hole at Red Beach
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Photo 7- Metal I-Beam recovered at Red Beach

Photo 8- Small vial recovered at Red Beach
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